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Introduction 

Coronary heart disease (CHD) is the leading cause of 
death in industrialized countries and is of rising concern 
worldwide. The relationship between CHD and diet has 
l>een studied for nearly 100 years, essentially since the 
first observation of high-fat and high-cholesterol diets 
producing atherosclerosis In rabbits (1»»,2»]. Epidemio- 
logic studies have demonstrated that diets high in 
saturated fatty acids and/or cholesterol increase serum 
cholesterol and risk of developing CHD. Correlations 
between diet and incidence of CHD across geographic 
boundaries and among emigrants have also been noted. 
These discoveries have lead to the diet-heart hypothesis, 
which suggests that dietary saturated fat and cholesterol 
are the major cause of CHD and atherosclerosis In humans 
(2«]. Although dietary fat has dominated the diet-heart 
hypothesis, there are many other foodstuffs and nutrients 
that may be involved In the etiology of this disease. 



Fiber, antioxidants, folic acid, calcium, and carbohydrate 
content of food have an impact on heart disease and 
atherosclerosis as well [!••]. 

Not All Fats Created Equal 

The type of fat in the diet, in particular the saturation of 
the fatty acid component, dramatically impacts CHD. For 
example, all three major classes of fatty acids (saturated, 
monounsaturated. and polyunsaturated) increase hlgh- 
denstty lipoprotein (HDL) cholesterol in humans; however, 
saturated fatty acids increase and polyunsaturated fatty 
acids (PUFAs) decrease low-density lipoprotein (LDL) 
cholesterol. The Increased ratio of LDL to HDL in the case 
of saturated ^ts is associated with increased risk of develop- 
ing CHD, Satiu'ated fatty acids are generally considered 
atherogenic and increase thrombosis [!••]. Trans fatty 
acids, found In vegetable shortenings and deep-fried food, 
raise LDL to HDL ratios to a much greater degree than 
saturated fat [!••). One potential mechanism by which 
trans fats adversely affect insulin resistance, diabetes, and 
CHD is by Inhibiting essential fatty add metabolism. 

Two PUFAs that cannot be made In the body (and both 
of which are essential fatty acids) are linoleic acid (LA. an 
n-3 fatty acid) and alpha-linolenic acid (ALA. an n-6 ^tty 
acid) - In conditions of LA deficiency, arachidonic acid (AA) 
may abo be considered essential. Once in the body, LA and 
ALA may be converted to others PLfFAs such as AA. elcosa- 
pentaenolc acid (EPA) . and docosahexaenoic acid (DHA) 
(Fig. 1). Although many fats have been associated with 
increasing the risk of CHD (e^, saturated and trans fatty 
acids) . EPA and DHA have been associated with a variety 
of beneficial health effects. For this reason, diets that are 
high in ALA, EPA, and DHA have been sought, and these 
diets Include fish oils, flaxseed, mustard seeds, soy beans, 
walnut oil, and green leafy vegetables. 

Polyunsaturated fatty acids are Important for maintain- 
ing membrane integrity and as precursors to bloactive 
prostaglandins, which regulate inflammation, blood 
clotting, and lipid metabolism. Thus, it is necessary to 
have diets sufilclent In PUFAs (n-3 and n-6) to maintain a 
variety of biologic processes. Positive effects of diets high 
In n-3 fatty acids include reducing abdominal fat, prevent- 
ing cardiac arrhythmia, lowering serum triacylglycerol 
levels, decreasing thrombosis, and improving endothelial 
function. As noted by Hu and Willett [2*], several studies 
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Figure 1. Metabolism of llnotelc acid (amega-6 polyunsaiuraied fatty acid) and alpha-Mnolenk: acid (omega-S polvunsaturated fatty acid). These 
fatty acids are thought to be Important regulators of coronary heart disease. The fatty acids or their metatwlites may be Itgands for nuclear 
receptors such as psroxisoma proHferaior activated receptor, liver X receptor, and retinoid X receptor, and they may control gene expression. 
(MODE— hydroxyoctadecadienorc acid; HPETE— hydroperoxyeicosatctraenoic acid; HPODE— hydroxyperoxyoctadecBdlenolc acid: 
IT— Jeukoiriene; PG— prostaglandin; TX— thromboxana.) 



have shown association of fish Intake and/or flaxseed 
oil (high in ALA) with decreased fatalities from CHD. 
Importantly, blood levels of EPA and DHA are strongly 
associated with decreased risk of death, myocardial Infarc- 
tion, and stroke. 

Conjugated llnoleic acid (CLA) collectively refers to a 
group of LA derivatives with several positional (double 
bonds In carbon 9 and 11 or 10 and 12) and geometric 
(cis, Z and trans, £] isomers. CLAs are relatively abundant 
in ruminant meat and heat-processed dairy products. 
They are also formed from LA In the intestine of livestock 
by bacterial flora and are deposited In tissues and milk. 
CLA has received widespread attention due to Its anti- 
cancer [3-5], antlatherosclerotic (6]. and antidiabetic 
effects [7] in laboratory anlmsls. Whether CLA is metabo- 
lized to bioactlve molecules such as those noted for ALA 
and LA has not been determined. Howeven it Is evident 
from animal studies that CLA has effects on CHD that 
resemble those of n-3 PUFAs. 

The question that remains is why some PUFAs. in 
particular n-3 PUFAs (ALA, EPA, and DHA) and CLAs. are 



associated with reduced risk of CHD whereas closely related 
n-6 PUFAs (LA and AA), and monosaturated (oleic acid) 
and saturated (palmitic acid) fatty acids are either not as 
effective or are detrimental to heart health. One explanation 
may be inhibition of n-6 metabolism by these other 
structurally similar compounds. This would increase the 
production of metabolites associated with platelet aggrega- 
tion, inflammation, and vasoconstriction (letikotriene B4. 
prostaglandin |PGJ Ij) , and thromboxane [W] A2) at the 
expense of those metabolites that have antiaggregation, anti- 
I'nhammation, and antivasoconstrlctlon properties (leuko- 
trlene B5, PGI3, and TXA3). Another explanation, and 
the option explored herein, is that cognate receptors exist 
that preferentially respond to a particular structure of fatty 
acid. These specific "lipid sensors" would affect gene expres- 
sion in a tlssue-specific. sex-specific, and developmentally 
specific manner and thereby affect the development of 
CHD, perhaps by altering enzymes and proteins Involved In 
the transport or metabolism of cholesterol and fatty adds. 
Also, in order for these receptors to be involved in the 
beneficial effects of dietary &tty acids, they must be able to 
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distinguish subtle changes in ph;;/sical structure of the "good 
lipids" from "bad lipids," such as n-3 versus n-6 PUFAs, 
CLA versus LA. and PGI3 versus PGI2. 

Nuclear Receptors As Sensors of Dietary Lipids 

A likely family of proteins that may act as lipid sensors that 
meet the criteria stated here are the nuclear receptors (NR) . 
Members of the NR superfamily act as intracellular tran- 
scription factors that directly regulate gene expression in 
response to lipophilic molecules [8-13, 14»]. They affect a 
wide variety of functions, including fatty acid metabolism, 
reproductive development, and detoxification of foreign 
substances. To date, over 300 Nl^ have been cloned, many 
with unlcnown endogenous li^^ands (orphan receptors). 
PhyJogenic analysis has shown six subfamilies (NRl 
to NR6) with various groups and Individual genes [15]. 
Several NRs have evolved to respond to dietary lipids 
(Fig, 2) and Include the fatty acid receptors peroxisome 
proliferator acUvated receptor (PPAR). retinoid X receptor 
(RXR). liver X receptor (LXR) . and hepatocyte nuclear 
factor-4a (HNF4a) [14».16]. The receptors shown in 
Figure 2 may be considered constituents of a large group of 
NRs known as the "metabolic nuclear receptors." which act 
as overall sensors of metabolic intermediates, xenobiotlcs, 
and compounds In the diet and allow cells to respond 
to environmental changes by inducing the appropriate 
metabolic genes arul pathways ] 17-»]. 

Most NRs regulate gene expnsssion In predominantly the 
same fashion (Fig. 2B) . Prior to acUvation, NRs often exist In 
multiprotein complexes that vary depending on the femily 
of receptor under question. V/hen a ligand binds to its 
cognate receptor, a conformational change occurs ("activa- 
tion") that changes the protein-protein Interfaces of the 
molecule. As a result, the activated receptor interacts with a 
NR response element (NRE) within the regulatory region of 
a target gene; upon recruitment of various transcriptional 
coactivators and subsequently RNA polymerase H (polll) . 
initiation of transcripUon of the target gene occurs. 

In the following sections, the three likely candidates for 
NRs that respond to dietary fatty acids (ie. PPAR. RXR and 
LXR) are described. The dietary and metabolic intermediates 
that activate these receptors (Table 1) as well as the genes 
regulated by these NRs that contribute to prevention of 
CHD (Fig. 2) are emphasized. 

Peroxisome proliferator activated receptors 
Of the several identified fatty acid receptors, perhaps the 
family that can best explain the effects of n-3 PUFAs and the 
CLAs are the PPARs. The PPAR receptors were originally 
named based on their ability to respond to xenobiotlcs 
(peroxisome proliferators) ; however, they were also the first 
to be examined as a fatty acid receptor. It has now been well 
established that PPAR is a llgand-activated transcription 
factor involved in gene expression in a tissue-, sex-, and 
species-dependent manner [1<I:»,17«»,18,I9»], The PPARs 



exist as three subtypes (a p. and 7) that vary In expression, 
tigand recognition, and biologic function. 

Peroxisome proliferator activated receptor a was the 
first transcription factor identified as a prospective fatty 
acid receptor [20-22]. Based on numerous studies from 
the PPARa knockout (PPARa '*) , this receptor plays a role 
in the regulation of an extensive network of genes involved 
in glucose and lipid metabolism. In particular. PPARa 
regulates fatty acid transport; fatty acid binding proteins; 
fatty acyl-coenzyme A (CoA) synthesis: microsomal, perox- 
isomal, and mitochondrial fatty acid oxidation; ketogene- 
sis; and fatty acid desaturation. 

Several groups have implicated saturated and 
unsaturated fatty acids as natural ligands for PPARa [23] . 
Natural PPARa Ugands in human serum include palmitic 
acid, oleic acid, LA, and AA. Notably. PPARa Is the only 
PPAR subtype that binds to a wide range of saturated fatty 
acids. The 9z lie CLA isomer Is a potent PPARaligand with 
a dissociation constant (Kd) in the low nanomolar range 
[24], and it affects PPAR-responsive enzymes Including 
acyl-CoA oxidase (AGO), liver fatty acid binding protein 
(L-FABP). and cytochrome P450 4A1 (CYP4A1) [25). 
Similar to other PUFAs, the effects of CLA on body compo- 
sition are seen in the PPARo-null mouse [26], suggesting 
that this NR is not the k^ target for this response. 

Triglyceride-rlch lipoproteins, including very low- 
density lipoproteins (VLDL) and LDL, contain PPARa ligands 
[27.28]. Activation of PPARa Is seen when lipoprotein 
lipase (LPL) is added to YLDL, showing that the endogenous 
ligands are probably &tty adds or their metabolites esterlfled 
Into trlacylgiycea-ols. Metabolism of AA by CYP4A results in a 
variety of PPARa Ugands. including 5,6. epoxyeicosatrienoic 
adds (EET): 8.9 EET: 11,12 EET: 14.14 EET; 20-hydropero>^- 
eicosatetraenoic acid (20-HETE): and 20-, 14-, and 15- 
hydroxyepoxyeicosatrienoic adds (HEET) [29]. Leukotriene 
B4 has also been reported to be a selective PPARa ligand 130] . 
PGD2 and PGD| activate PPARa in transient transfection 
reporter assay systems [31]. The lipojcygenase metabolite 8(S)- 
HETE is a high-affinity PPARa ligand. although it Is not 
found at sufficient concentrations in the correct tissues to 
be characterized as a natural ligand. Because no single high- 
affinity natural ligand lias been Identified, Wlllson et ai. [23] 
have proposed that one physiologic role of PPARa 
may be to sense the total flux of tatty acids in metaboUcally 
active tissues. 

Peroxisome proliferator activated receptor y Is expressed 
in many tissues, Including adipose, muscle, vascular cells, 
macrophages, and epithelial cells of the mammary gland, 
prostate, and colon [32], Activated PPARy induces LPL and 
fatty acid transporters (CD36) and enhances adipocyte 
differentiation, as well as Inhibiting cytokine and cyclo- 
oxygenase-2 (COX-2) expression, perhaps by modulating 
nudear factor-xB (NFkB) function. The PPAR^-nuU mouse 
is nonviable, implicating an Important role for this protein 
in ontogeny [33] and also making the examlnadon of a role 
for this receptor In gene expression difficult. 
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Figure 2. Dietary control of gene axpr&ssion by nuclear receptors. 
A, Nuctear receptor? Involved In responding to dietary components 
and intermediary metabolism. The genes and coordinated biologic 
responses regulated ty the fatty add receptors PPAR. IX, and RXR 
are shown. B> Mechanism of aaion of nuclear receptors in regulation 
of gene transcription. (ABC — AT7 binding f?tsspffft transporter; ACO — 
acyt-coOT^me A oxidase; AR— endrogen receptor CAR— constitutive 
androstane receptor COX-2— cyclooxygenase 2; CPB— CREB-t>inding 
protein; CYP— cytochrome P450: EFA— essential fatty acid; ER— estrogen 
receptor FA — fatty acid; FXR — f^mesoid X receptor GR — gTucocorticoid 
receptor LPl. — llpopratBln lipase; LXR—mver X receptor MR — mlneralo- 
corticoid receptor: MR — nucleer receptor NRE — NR response element: 
Pot— RNA poiymerBse: PPAR— peroxisome proliferBtor activated recep- 
tor PR— progesterone receptor: PUFA— potyurreaturated fatty acid; 
PXR— pregnane X receptor RAR— retlnolc acid receptor RXR— retinoid 
X receptor SRC1— steroid receptor coactlvator-l ; SREBP— sterol regula- 
tory element binding protein; TG— triacyigiycerol; TNF*-tumor necrosis 
factor: VDR-^ltamin D receptor.) 



Clinically relevant antic] labetic agents such as plo- 
glltazone and rosiglltazone are potent PFARy agonists 
(Kd in low nanomolar range). A number of fatty acids and 
ei cos an old derivatives bind and activate PPARy in the 
micromolar range (30). Unlike the PPARasubtype, PPARy 
has a clear preference for PUFAs. The fatty acids LA, AA. 
and EPA bind PPARy wltliln tiie range of concentrations of 



free fatty acids found in human serum {34]. Although 
fatty acids are not particularly efficacious activators of 
PPARy, intracellular conversion of fetty acids to eicosanoids 
through eniianced expression of l5-lipoxygenase greatly 
increased PPARy-mediated transactivation [341. CLA 
isomers, in particular 9Z11Z and 10E12Z CLA. are ligands 
for PPARy [35). In macrophages. CLA decreased expression 
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Table 1. Endogenous and dietary ligands for fatty acid receptors PPAR, LXR, and RXR 



Nuclear receptor 


Ligand 


PPARa 


SdturatH^d dnd unsaturated fatty acids 




Omega-3 fatty adds 




Conjugi)ted llnpleic acids 




LPL-treated VLDL 




VIDL 




5A EET; 8,9 EET; 11,12 EET; 14,14 EET; 20,14,15-HEET 




Z-arachldonylglycerol; 15-S-HETE-G 




Long chain alkylamtnes 




8-S-HETE 




PGD2. PGD1 




Leukoti'lene B4 


PPAR-y 


Saturati^d and unsaturated fatty acfds 




Mono- and polyunsaturated fatty adds from triglycerides 




Conjugated linoleic acids 




LPL-treated VLDL 




VLDL 




PGAl, PGD2. PGD1 




OxLDU 9-S-HODE, 13-HODE 




15-S-HlETE 


PPARp 


Polyuniiatursted acids including llnoleic acidi linoler^k: acid, arachrdonic acid, and eicosapentaenoic acid 




Conjugated llnofetc acid 




Lysophospnatldic acid 




Hexadcicyl azelalc phosphatidylcholine 




13-S-HODE, 15-S-HETE, 5-S-HETE, 12-S-HETE 




PGDI.PGDZ, PGAl 


LXR 


Unsaturated fatty acids (antagonists) 




Polyunsiaturated fatty acids have little effect on LXR activity 




22(R) hydroxycholesterol, 20(S)-hydro>cycholesterol, 24(S), 25-epoxycholesterol 




6a-Hydroxy bile acids 




ChotesCenoic acid 




Oxysterol 5,6-24(S),25-dtepoxycholesterol 


RXR 


Saturat 3d and mono-ieisaturated fatty acids 




Polyun::;aturated fatty acids, Including docosahexaenc^c acid 




Corrugated linoleic acids 




9-CB retinotc acid 




Phytol metabolites 


EET — epoxyelcosalrfenoic adds; HEET — hycfraxyepoxyeioosatrienolc ackt HETE — hyifroperoxyeacosatetraenoic add; HETE-G — hy^O'^yeicosatatraenoiD- 
gtycerol ester; HOOE — hydroxyoctfidetzodienolc odd; LPL — Ipoproteln lipase; LXR — ftver X receptor OxLOL — oxidized low-density lipoprotBin; 
PG — prastagTandln; PPAR — peroxtsormi protiferator actlwated receptor; RXR — retinoid X receptor; VLDL — very low<lenstty lipoprotein. 



of proinflammatory signals Including COX-2, tumor 
necrosis factor-a (TNF-a), and inducible nitric oxide 
synthase (iNOS) In a PPARy -dependent manner [36]. 

Similar to PPARa incubation of triglyceride-rlch lipo- 
proteins vfiih LPL results in f:he production of PPARy 
ligands [27,28]. In parUcuiar, oxidized LDL (oxLDL) prod- 
ucts such as 9-S-hydroxyoctade<:adlenolc acid (9-S-HODE) 
and 13-S-HODE are good PPAEy activators. Phospholipids 
are also potent PPARy ligands. Including lysophosphatidlc 
acid (LP A) [37] and hexadecyl e zelalc phosphatidylcholine 
(AzPC) [38], 

Peroxisome prollferator activated receptor p (FAAR, 
NUC 1 . or PPAR5) is the leasi: understood of the three 
subtypes In many respects. Including the identification 
of target genes as well as endogenous and dietary ligands. 
This receptor is ubiquitously expressed and is often found 



in higher abundance than PPARa or y . Examination of 
the PPARp-null mice has shovi^n a role for PPAR^ in 
development, myelination of the corpus callosum, lipid 
metabolism, and epidermal cell proliferation [39], There 
has been some indication that PPARp is involved in 
adipogenesis [39], although this has been refuted (40). 
Few high-afflnlty ligands for PPARp are known, either 
xenobiotic or endogenous. However, fatty acids are 
weak activators of this receptor, with roughly the 
same preference as PPARa [23]. CLA Isomers, in particu- 
lar a putative furan metabolite of CLA, activate PPARp 
in COS-1 cell transfection experiments [25]. Similar to 
PPARa and y, incubation of trlglyceride-rich lipoproteins 
with LPL results in the production of PPARp ligands 
(27,28]. PGA], PGDg. and PGDj can activate PPARp in 
reporter assays [31]. 
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Role ofPPAR in coronary heart dii:ease 
The potential of highly potent PPAR activators in the 
treatment of atherosclerosis has been noted by other 
investigators [17»vl8.41.42v43,44]. Both PPARaand 
PPARy play key roles in regu lacing fatty acid metatKjIism, 
albeit in seemingly opposite directions [45,46]. The result 
of PPARa activation in rodent hepatocytes and certain 
other tissues is a dramatic imrrease In the peroxisomal 
enzymes vi^lth a modest increa:;e in mitochondrial oxida- 
tion of fatty acids. In addition, lipid transport proteins 
such as FABP and acyl-CoA binding protein (ACBP). as 
well as genes Involved in fatty &cld and cholesterol export, 
are under the control of PPARa. The targeted disruption of 
PPARa results in aberrant lipid metabolism, with fat 
droplets accumulating in liver cells. Not only is peroxi- 
somal metabolism affected, bu : also the constitutive levels 
of mitochondrial p-oxidation are less in the PPARornull 
mouse, showing the importance of this protein in overall 
fatty acid homeostasis. 

The array of genes regulated by PPARy in adipocytes is 
indicative of fatty acid accumulation. This regulation of 
gene expression is concomitani: with increased differentia- 
tion of immature adipocytes Into mature fat-storing cells 
[47]. These genes include LPL [48], adipocyte fatty acid 
binding protein (aP2) [49], and CD36 [50]. Adipocyte- 
secreted cytokines and hormones such as TNF-aand leptin 
are also PPARy target genes 151,52). The genes regulated 
by PPARy in macrophages aire similar to those In the 
adipocyte and include LPL and CD36. Treatment of 
macrophages with PPARy synthetic agonists inhibits the 
production of several cytokines such as interleukin 1-^ and 
TNF-a and may result in an anti-inflammatory response 
153]. Another link between PPARy and inflammation Is 
the fact that 15-deoxy PGJ2 (a product of the cyclooxygen- 
ase pathway) and nonsteroidal anti-Inflammatory drugs 
are potent activators of PPAf:y 154]. It is unclear what 
role PPARP may play in reguladng genes involved In CHD 
at this time. 

Retinoid X reciters 

Retinoid X receptors are involved in the transduction of 
retinoid signaling pathway, although their role In 
regulation of gene expression induced by n-3 FUFAs has 
garnered increasing attention. RXRs (ce, p, or y) can form 
homodlmers or they may serve as a dlmerizatlon partner 
for other NRs. including retlinoic acid receptors (RAR) , 
thyroid hormone receptor, vitamin D3 receptor, and 
PPARs. As a heterodimerlzatlon partner, RXR Is involved 
in regulation of multiple celliilar pathways. RXRa and P 
have ubiquitous distribution, whereas RXRy is expressed 
in certain organs such as hoart, skeletal muscle, and 
central nervous system structures. 

Although intensely studied for synthetic ligands, little 
is known of the natural activators of this receptor [55*]. 
RXR is activated in vitro by the vitamin A metabolite 9-cfs 
retinolc add (Q-ds RA), but i:he levels of this molecule 



in vivo are extremely low. Through reporter assays it 
was observed that DHA Is an RXR llgand [55* J, Docosa- 
tetraenoic acid, a structurally related compound, activates 
RXR with a much higher concentration {55«]. DHA's effect 
was not observed in other nuclear receptors such as 
RAR. thyroid hormone receptor, and vitamin D receptor, 
although as stated previously, this fatty acid activates 
PPARa Recently, several fatty acids including unsaturated, 
mo no- unsaturated, and PUFAs such as A A and DHA have 
been identified as ligands of RXR, thus confirming the 
activation observed in reporter assays [56]. The 9E11E CLA 
isomer was by far the most potent of the CLA isomers at 
activating RXRa and was comparable to the efficacy seen 
with 9-cis RA [14»]. Phytanic add, a branched chain fatty 
acid derived from chlorophyll, has also been reported 
to activate RXR, albeit weakly [57). Phytanic acid is capable 
of adipocyte differentiation and induces aP2 mRNA In 
3T3-L1 preadipocytes and may act as a natural rexinoid 
in3T3-Ll cells [57]. 

Role of RXR in coronary heart disease 

Retinoid X receptor a agonists are capable of reducing 
atherosclerosis in apollpoprotein E knockout mice, an 
established experimental model of atherosclerosis [58]. 
Retinoids are capable of increasing the expression of 
ABCAl, a gene assodated with reverse transport of choles- 
terol. Cholesterol efflux from peritoneal macrophages was 
significantly increased in an RXR-dependent fashion [58]. 
RXR-selectlve agonists counteract diabetes by decreasing 
hyperglycemia, hypertriglyceridemia, and hyper insulin- 
emia [58). Null mutation of RXRa gene resulted In devel- 
opmental lethality in mice; they died in utero and 
demonstrated severe myocardial and ocular malformations 
[59]. The malformations resembled severe vitamin A 
syndrome, suggesting a physiologic role of RXRa in retinol 
responses [59]. 

Liver X receptors 

Liver X receptors (LXRaand LXR^) are transcription factors 
commonly known as cholesterol sensors (17* ♦,60,61 •]. 
Although they are important regulators of transport and 
metabolism of sterols and fatty adds, whether they are direct 
sensors of n-3 PUFAs has been questioned. Expression of 
LXRais restricted, whereas LXRp is ubiquitously present. 
LXRa is present in certain organs, namely liver, kidney, 
intestine, adipose tissue, and adrenals. LXRa and P share 
a high degree of amino acid similarity (80%) and are 
considered paralogues: as a result there are very few subtype- 
specific agonists. OxysteroU, including 24(S). 25-epoxy- 
cholesterol, 2ZR-hydroxycholesterol, and 24(S)-hydroxy- 
cholesterol» are natural ligands of LXRs. Unsaturated fatty 
acids as vfell as AA and other PUFAs competitively block 
activation of LXR by oxysterols [62], This offers a potential 
mechanism for the ability of dietary PUFAs to decrease 
the synthesis and secretion of fatty adds and triglycerides 
in liver [62]. This suppressive effect can be eliminated by 
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deletion and mutation of LXK nssponsive elements (LXREs) 
that are located In the promoter region of SREBP-lc. 
However, others have shown that the unsaturated fatty 
acid suppression of SREBP-1 and its targeted lipogenic. 
genes is independent of LXRa [63). Perhaps the effects of 
fatty acids on LXR- mediated events are t>eing affected by a 
direct interaction between PPi^Jiaand LXRa [641. In fact, 
several xenobiotic PPARa hgands antagonize LXR's tran- 
scriptional activity (65]. 

Role of LXR in coronary heart disease 

There is increasing interest in L-CR agonists, whether dietary 
or pharmaceutical, in the prevention of CHD [60.61 
66.67]. The nonsteroidal LXR agonist GW3965 significantly 
reduced atherosclerosis In murine models of hyper- 
lipidemia [68]. LXR-medlated genes Include those associ- 
ated with cholesterol and bile acid metabolism {eg, ABCAl , 
ABCGl, APOE, and CYP7A). as well as those with fatty acid 
synthesis and regulation (SREBPlc. LPL. FAS). Previous 
studies showed that activation of PPARy Induced the 
expression of LXRa and ABCA l and removed cholesterol 
from macrophages [69], Hence, LXR was considered further 
downstream than PPARy In reducing atherosclerosis. 

Liver X receptor a knockout mice were unable to 
respond to dietary cholesterol und failed to Induce choles- 
terol 7-hydroxylase (Cyp7A), the rate limiting enzyme for 
bile acid synthesis [70]. This resulted in excessive choles- 
terol accumulation in the liver followed by impairment 
of functions. LXRa knockout animals also have altered 
expression of genes assoclattid with lipid metabolism. 
Interestingly, LXRp knockout mice were unaffected when 
challenged with dietary cholesterol [71]. Selective bone 
marrow knockouts of macrophage LXRs Increase athero- 
sclerotic lesions in ApoE"^" and LDLR*^" mice, suggesting a 
rote as an endogenous Inhibitor of atherosclerosis [68]. 

Conclusions 

Diets high In n-3 fatty acids have long been associated 
with decreased risk of CHD. AlA and Its metabolites EPA 
and DMA are found In high concentrations in flaxseed and 
fish oils and are thought to Improve heart health through 
decreasing thrombosis, inflammation, and plaque formation 
In arteries. The mechanism of tlnese effects may be the result 
of regulation of gene expression via NRs. several of which are 
known to be "fatty add receptors". PPARa and PPARp are 
receptors for unsaturated, mono- unsaturated, and poly- 
unsaturated fatty acids, as well :is for several AA metabolites. 
Activation of PPARa is associa ted with increased fatty acid 
catabollsm, decreasing Inflammation, and stimulating the 
reverse cholesterol pathway. PPARy has a dear preference 
for PUFAs and Is also the target of AA metabolites. 
This receptor is Involved in storage of lipids In adipocytes 
as well as in decreasing Inflcimmation and stimulating 
Che reverse cholesterol pathway. RXR Is an important 
heterodimerization partner for NRs and can affect numerous 



metabolic pathways. DHA and several other PUFAs bind to 
and activate this central NR. LXR's role as a sensor of fatty 
acids Is somewhat controversial, although it is clearly 
an oxysterol receptor. Several studies have shown that fatty 
acids (unsaturated and saturated) antagonize LXR activity. 
This receptor Is Involved In fatty acid synthesis, bile acid 
synthesis, and reverse cholesterol transport; synthetic 
agonists are being touted as antiatherosclerosis agents. Taken 
together, these NRs represent potential targets for n-3 
PUFAs that can help explain their mechanism of action in 
preventing CHD. In particular, the profile of beneficial effects 
of ALA, EPA, DHA. and CLA most resemble those seen 
for synthetic PPARy Ugands such as rosiglitazone. This 
connection warrants further critical examination and may 
ultimately result in modifying diet recommendations to 
maximize PPAR7 activation, and hence decrease the 
Incidence and severity of CHD. 
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Absfrpct 

For decades it has been postulated that the main environmental factor for coronary 
heart disease (CHD) was the intake of saturated fatty acids (SFA). Nevertheless^ 
confirmation of the role of SFA in CHD through intervention trials has been 
disappointing. It was only when the diet was enriched in n-3 fatty adds that CHD 
was significantly prevented, especially cardiac death. 

fn addition to n-3 fatty acids, many other foodsiufife or nutrients such as fibers, 
antioxidants, folic acid, calcium and even alcohol contribute to prevent CHD. Thus 
the relationship between diet and CHD morbidity and mortality appears to be much 
more complex than formerly suspected considering as Icey factors only SFA, linoleic 



acid, cholesterol and atherosclerosis. Some of the mechanisms are briefly described. Keywords 
but many additiorui.1 nutrients (or non nutrients) may also play an imf>ortant role In Coronary hevt disetse 

the pathogenesis of CHD. , ^|?J 

Finally, as a result of the most recent epidemiologic studies the ideal diet may UnSric odd 

comprise: 8% enerjy from SFA, 5% from polyunsaturated fatty acids with a ratio 5/1 Afcholinolenit acid 

of linoleic/alpha-linolenic acid+ longer chains n-3^ oleic acid as desired, large intake j^^^ ^^^^ 

of cereals, vegetables, legumes and fruits, fish twice a week, cheese and yogurt as AnIioxidanJj 

dairy products, rapeseed and olive oils as edible fat. Without side effiects, such a diet fiers 

can be highly pahtable, easily enjoyed by many populations and may prevent Calcium 

effectively and rapidly (within a few weeks or months) C^D. Alcofwl 



Introduction 

Pathologists at tlie end of last century CVirchow, 
Ignatowski, Anitschkow) ha''e observed diat in human 
atherosclerotic lesions, there were large amounts of 
cholesterol deposits. When they fed rabbits with human 
food including cholesterol, they observed in arteries, 
lesions somewhat similar to human atherosclerosis. That 
was the starting point of the diet-heart hypothesis. . 

Saturated fatty acids» cholcrsterol and CHDi 
epidemiology 

Cross-population studies 

Already in 1930's it was know n that all populations with a 
high intake of saturated fat;, presented atherosclerosis 
and coronary heart disease (CHD). However it was die 
Seven Coimtries Study' thai: cleariy demonstrated that 
satuixited f<itcy acids CSFA) were the main environmental 
fiiaor for CHD. 

Moreover, the Japan - Honolulu - San Francisco 
study^. confirmed that the relationship between the intake 

'Con-espo tiding mttbor: Email serge.renaud®bord€aux.inserm.fr 



of fat and CHD mortality was not due to genetic factors 
but rather to the diet per se. Many other epidemiologic 
studies (cited elsewhere^) confirmed die specificity of the 
association between diet and CHD, 

In the Seven Countries Study, the most recent report 
indicates that even after 25 years follow-up^, the CHD 
mortality is still closely and directly related to the intake of 
saturated fats. All the individual SFA, lauric (12:0), myristic 
(14;0), palmitic (16:0) and even stearic acid (18:0) were 
positively and significandy related to CHD mortality (r = 
0.81 to 0.86,p < 0.001). Nevertheless, because the inLnke of 
each of the SFA was closely related to the total intake of SFA. 
it was not possible to confirm that all these fatty acids (FA) 
were independently related to OID. But the results were 
clear concerning the total fat intake versus that of SFA. Only 
tlie SFA were closely related to CHD. That demonstration is 
illustrated by the comparison between Crete and East- 
Finland, the two extreme in hard coronary events, 26 in 
Ciete and 1 074 in East-Finland (age standardized rate per 
10 000). The total intake of fat was 40% of energy in Crete 
and 39% in East-Finland, while the intake of SFA was 8% in 
Crete and 22% in East- Finland: 

© Tlie Authois 2001 
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I8FA tlUA a ALA □ OLA 



Rapisseed oil 
8unnow«r oil 
Com oil 
Ollvi oil 
Soyiioan on 
Sunflower mar 
Poa«iui oil 
Duo3t f&t 
Chlc Hait fat 
Fork fat 
Beer fat 
Cacso boMor 
Butter, cream 
Rapftaeed mar 



Rg. 1 Fatty acid compositiixi of common (ats. R£ipeseed mar rapaseed 
LA » Linoteic add, ALA ^ A(pha -tinolenic acid, OLA = Oleic ackjl 




50 100% 

margarine used in the Lyon study^*^". SFA = Saturated fatty acids 



Witbin-poputaHon studies 

They have the disadvantage of a linuted variation 
between individuals :ji their habitual dietary intake. 
Their advantage is to be able to adjust for confounding 
factors such as blood pressure, smoking, body weight and 
others, that contribute to CHD. As reviewed recently', out 
of 10 of these studies, 5 have observed a positive 
significant relationship between the intake of SFA and 
CHD including the recent Belgium study on 21 500 
subjects^. 

In addition, in the Western Electric Study^, even if CHD 
was not significantly ;ind independently related to the 
intake of SPA, it was related to the Keys equation that 
includes SFA, polyuniKiturated fatty acids (PUFA) and 
cholesterol in the diet. In the Zutphen study In Nether- 
lands, no significant relationship was found with the 
intake of SFA but tliere was an association with the intake 
of cholesterol®. Thus, it can be concluded that the 
majority of prospective epidemiologic studies have 
observed a close relationship between the intake of SFA 
(or cholesterol) and CHD. For these reasons, the intake of 
SFA should be reduced to approximately 8% of energy, 
the level in Crete ^ (tlie greatest life expectancy in the 
Western Worid), in Jap^an (the greatest life expectancy in 
the Wodd) and in the recent intervention trial'**** in Lyon. 

Dietary fat and CHD: experimental studies 

Atherosclerosis 

As reviewed elsewhere**, experimental studies have been 
conducted in animals i:o determine to what extent dietary 
faLs, especially saturated fats, could induce atherosclerosis 
and CHD. However in many studies, saturated fats were 
associated with a high concentration of cholesterol, 
making it difficult to evaluate the specific contribution 
of the diflerent faLs, esF>ecially the respective role of FA. 
Results were al.so different depending on whether 
different natuml oils were compared with multiple 
differences in the levc;l of fatty acids as well as in their 
position in the glycerc>l molecule. FA in the sn-2 position 



of dietary triglycerides are preferentially absorbed 
dirough the intestinal wall while those in sn-13 position 
are released in the intestinal tract and partly excreted in 
the feces through the formation of calcium soaps*^ Thus, 
FA in position 2 of dietary triglycerides play a crucial role 
in the metabolism and biologic effects of these FA as we 
have shown recendy*'. It may explain observations that 
did not appear logical without this knowledge. As an 
example, it may explain why lard seems to be much more 
atherogenic than reflected by its whole FA composition 
(Fig. 1). Contrarily to many other fats, more than 65% of 
the palmitic acid contained in lard is in sn-2 position. This 
palmitic acid from lard is readily absorbed and metabo- 
lized which is not the case for many other animal fats (Fig. 
2). 

To solve those problems in exf>erimental studies in 
animals, FA were esterified by methanol instead of 
glycerol. The results obtained in rabbits indicate that 
methyl stearate was more atherogenic than methyl 
oleate*^. 

In further studies, Kritchevsky and Tepper, to evaluate 
the atherogenic effect of individual SFA given under the 
form of natural dietary fats, interesterified corn oil with 
either 12:0, 14;0, l6:0 or 18:0. The results were fiats with 
the same amount of SFA In the 3 positions of the 
triglycerides. Under those conditions in rabbit, all SFA 
were more atherogenic than com oil, the most athero- 
genic being 12:0 and 16:0. Of interest was that 18:0 was 
associated with a lower serum cholesterol than com oil, 
but was more atherogenic. 

In addition to rabbits, many other animal species have 
l:>een used to induce atherosclerosis. It seems that the 
most relevant to human may be the studies in monkeys. 
Among the most recent studies are those in African Green 
monlceys fed 40% of energy as fat, comparing the effect of 
lard to safFlower oil Cn-6 FA) or to menhaden oil (n-3 
FA)*^. Tliese studies confirmed that lard (saturated fat) 
was associated with higher serum cholesterol and jnuch 
higher severity of intimal lesions than safflower and 
especially menhaden oil. 
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Rg, 2 Fatly acids In sn-2 position <5f common fats. Abbrevialions as in Fig. 1. In 6n-2 posttton pork and dairy fats are very similar, extremely 
ricli in SFA in sn-S position. By contrast, poultry fate have mostly OLA In sn-2 position. Thus, poultry fats may have comparable atherogenic 
effects, to that of oHve oil, while pork fat and dairy fat may be very similar In temns of atherogeniclty 



In conclusion, experiments ! studies in different animal 
species, as briefly reviewed above, seem concordant in 
that the most hyperlipidemic dietary fats, in general those 
rich in SFA, are also the most atherogenic, perhaps with 
the exception of 18:0. This is an important observation 
since it has been speculated that the intake of 18:0 may 
not l>e predisposing to CHD tAS the other SFA. The role of 
18:0 will be examined further in relation to thrombosis. 

Thrombosis 

Atherosclerosis induced in animal studies by feeding 
saturated fats and cholesterol, was in practice never 
associated with the main human complications of 
atherosclerosis i.e. coronary thrombosis and sudden 
death. Specific studies to investigate the relationship 
between saturated fats and thrombosis have shown 
consistent results even if only a few Investigators have 
been involved in such studies, years ago. 

In 1965, Nordoy, using a standardized damage of the 
jugular vein, reported that feeding hydrogenated coconut 
oil and cholesterol to rats increased the incidence of 
thrombus formation^^ The addition to the diet of linseed 
oil rich in alpha-linolenic acid (ALA), significandy reduced 
the incidence of thrombosis, even when thrombosis was 
initiated by injection of adenosinediphosphate (ADP)^^. 
In 1969, Renaud and Godu*®, have succeeded in inducing 
large thrombi by epinephrine or endotoxin, in rats fed a 
thrombogenic diet rich in SFA. In these studies, it was 
consistently found that the long-chain SFA (16:0 and 18:0) 
were the most thrombogenic FA, a result similar to that 
obtained by Hornstra and Vendelmans" also in rat, but in 

completely different model. In the Hornstra model the 
iea.st tluombogenic fat was canola oil, ricli in ALA^^. 

Contrariiy to the atherogenic effects of dietary fats 
mo.stly related to their hypercholesterolen:uc effects, the 
thrombogenic effect of a fat, at least in the model used^°, 
was neither related to its degree of saturation or its 
hypercholesteroleniic effect. The thrombogenicity of a 
dietary fat was related to it;? content in long-chain SFA, 
.specially .stearic acid (18:0) the FA the most effective in 
inducing platelet aggregation and thrombus formation in 
vitro and in vivd^^. The tendency to develop thrombosi.s 
in rat was closely iussociaied with platelet hyperaggreg- 
ubiliiy and a shortened dotting time essentially related to 



tiie platelet clotting activity, primarily dependent on the 
membrane phospholipids. Both the aggregability and the 
platelet clotting activity were related to the FA composi- 
tion of the platelet phospholipids^^. 

In conclusion, in animals it seems that dietary SFA, 
independently of serum cholesterol, induce a tendency to 
thrombosis, at least in part through the modification of 
platelet membranes in their FA composition. In diat 
connection, 18:0 may be the most damaging SFA, a result 
that has to be confirmed by human studies, direcdy on 
CHD, but not only on its effects on blood lipids. In the 
tyon study the only SFA significantly lower in plasma of 
the experimental group markedly protected from CHD, 
was stearic add. For these reasons and although further 
human studies are required in that cormection, we cannot 
consider as confirmed the hypothesis that the intake of 
stearic acid is safe in relation to CHD, even if it does not 
increase serum cholesterol. 

Sudden cardiac death 

Sudden cardiac death is one of the most dramatic clinical 
manifestations of CHD associated with thrombosis 
induced ischemia. It is caused by ventricular fibrillation 
and has been reproduced in dogs^^ and rats^'^^. While 
the risk of fibrillation seems to be increased in rat by 
feeding meat or animal fat. It can be prevented, both in 
dog and rat, by infusion or feeding of n-3 FA. Even in 
vitro, on neonatal rat myocytes in cultures, addition of n-3 
fatty acids completely inhibited the calcium induced 
arrhythmia, an effea not reproduced by eidier SFA or 
oleic acid (OLA)^'. In rat at least, the most efficient n-3 FA 
to prevent arrhythmia seems to be the precursor of the 
family, ALA (18:3 n-3), as supplied by rapeseed (canola) 
oil (n-6/n-3 = 2.6), but not by soybean oil (n-6/n-3 = 
9)^\ This effect was not reproduced by other oils such as 
olive and .sunflower oils, i.e. by other FA. The mechanism 
of the antiarrhythmic effects of n-3 FA, in normal and 
Ca2+ overloaded cells, appears to be primarily by 
reducing the Ca2+ entry^^. 

Trans fatty acids and CHD: Epidemiologic and 
experimental studies 

Trans fatt>' acids (TFA) can be found naturally in small 
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amounts (2-7%) in daity products and meats, but occur 
mostly in partially hydrogenated vegetable oils. 

In the 1940's in USA, two-thirds of the visible fat 
consumed was from animal and one third from vegetable 
origin. In the 1960's, two thirds were from vegetable and 
one third from animal origin. 

These changes resulted in a significant increase in the 
level of TFA both In tub Cll-28%) and in hard margarines 
(19-49%) as well as in shortenings coming from partially 
hydrogenated vegetabls oils^. Those changes ocairred 
under public pressure to reduce the intake of animal and 
other saturated faLs. 

Recent evaluation of the TFA consumption in the US 
put the figure at 8.1 g/person/day^, even 9-6 g repre- 
senting 2-5% energy. By contrast in Europe^, the intake 
of TFA ranged from 1.:^ g/day in Greece to 6.7 g/day in 
Iceland. It was 1.6 in Portugal, 2.3 in Finland, 2.4 in 
Germany, 2,7 in Frana:, 2.8 in UK, 2.9 in Derunark, 4.4 
in Belgium and 4.8 in Norway. In Europe, Lt was only in 
Finland, Iceland, the Netheriands, Norway and UK that 
the main source of TFA was partially hydrogenated oils 
and fats. In the other countries, especially Italy, France 
and Germany, 75 to 78% of TFA were derived from natural 
animal sources (milk aiid ruminant fat). 

In recent years, a large prospective study on the effea 
of TFA in 85 095 female nurses was reported^, with 431 
cases of CHD. After adjusting for 11 confounding 
variables, the relative lisk CRR) was l.l6 (95% a 0.81- 
1.55), for the second qulntile compared to the first 
quintile; 0.99 (0.69-1.43), for the tliird; I.l6 (0.80-1.70) 
for the fourth and 1.47 (0.98-2.20) for the fifth quintile, 
with a significant trend (p ~ 0.0(X)6) for increasing risk. 
Therefore in this study, there was a significant positive 
association between the intake of TFA and CHD. 

It was further estimated^" that an increase of 2% of 
energy from TFA would result in a 93% Increase in the risk 
of CHD while a 5% increase in SFA would only rcsuk in a 
17% increase risk of CHD. Such an association has not 
been found in other studies^* and debates are still going 
on, on whether TFA are more harmful than SFA. 

As to the mechanism involved in the possible 
deleterious effects of ITA on CHD, all the recent clinical 
studies indicate that TFA consumption (from 3-8 to 11.2% 
energy) Ls associated with increased concentration of 
.seaim cholesterol iind LDL cholesterol, with an 
unchanged HDL cholesterol or slight decrease. At the 
same time, a decrease in the ratios of LDL/HDL or serum 
cholesterol/HDL cholesterol was noted. In addition, four 
recent studies reported that TFA were increasing Lp(a) 
concentration^^ 

As to whether TFA infiuence the severity of athero- 
scleroses in animal .studies, seven different studies were 
reported by Nicolosi^^ in rabbits, pigs and vervet 
monkeys. In none of these studies there was any increase 
in die i-i.-^k of atherosclerosis wiiatever was the level of 
TFA included in the diet (from 3.2% or 6.0% trans in the 
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diet with 14% fat given to vervet monkeys^' to 50% TFA in 
the 17% fat diet given to pigs)^. Thus in experimental 
models of atherosclerosis tested, there was little evidence 
that dietary TFA caused the development of atherosclero- 
sis, even fatty streaks. Therefore, there is a striking 
difference, from the experimental point of view, between 
the atherogenic effect of SFA and that of TFA. Of course, 
negative effect does not mean that there is no effect. For 
example in the studies with monkeys^^ there was very 
litde difference in serum cholesterol between the controls 
and the animals given the TFA diet. Thus in that study a 
higher level of atherosclerosis could not be expected in 
the group with TFA. On the other hand in the rabbit 
studies of Weigensberg ei al?^ the animals given TFA had 
a higher level of cholesterol in blood but the severity of 
atherosclerosis was similar to that of controls. 

As concluded by Nkxjlosi^^ additional studies in various 
animal models for long periods of time are needed 
because of the chronic nature of atherosclerosis. In 
addition, further experimental work should include 
effects on platelets, thrombosis and ventricular fibrillation. 

In conclusion, as emphasized by Martijn Katan^ the 
fact that a few epidemiologic studies found a positive 
association between TFA and CHD deserves attention. 'By 
themselves these data fall far short of proving that high 
intakes of TFA promote CHD but the effects of TFA on 
plasma lipoproteins lend some credence to a causal link*. 
Nevertheless, since the intake of TFA in Europe is much 
lower than in USA, especially than in the Nurses Health 
Study^'^°, CO.5-2.1% energy vs 2 to 5%), the intake of TFA 
in Europe may not be as harmful as it has been found in 
USA. In addition, it is also a possibility that the TFA, 
derived from natural animal sources as it is the case in 
many European countries, may not be as noxious as the 
TFA resulting from oil hydrogenation, an hypothesis 
which has to be confirmed by further studies. In the Lyon 
diet heart study, TFA supplied less than 1% energy, and 
spectacular protective effects on mortality and recur- 
rences were observed^'^^. Thus we are suggesting that 
TFA could supply up to 1% of energy, without obvious 
damaging effects. 

Nutrients with protective effects on CHD 

PofyunsatureUed fatty acids (PUFA) 

The linoleic (18:2 n-6) CLA) and alpha-linolenic (18:3 n-3) 
(ALA) acids are essential for nonnal growth and 
physiologic functions of all tissues. These FA have double 
bonds located respectively at six (n-6) and three (n-3) 
carbon atoms from die methyl group. Men and animals 
cannot include a double bond in position n-6 or n-3 i.e. 
synthesize the corresponding FA. Thus, those two FA are 
essential. However men and animals can add double 
bonds to these FA between the original double bonds and 
the carboxyl group. Tlie carbon chain can also be 
elongated at the carboxyl end. These metabolic processes 
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are responsible for the production of long chain (20-22 
carbon atoms) metabolites with 3 to 6 double bonds. The 
result is the formation of two FA families (n-6 and n-3), 
both essentials, competing for the same enzymatic 
systems. Thus, as already suggested^^, they have to be 
supplied in food at a proper level, probably as a ratio of 
3-5/1, but not 10-20/1 as cnaiuntered at present in many 
countries. Those FA are important components of 
membrane phospholipids involved in fluidity and 
deformability of membranes and even In the clotting 
activity of these membranes*'. Among these FA, arachi- 
donic and other FA with Itt to 20 carbon atoms are 
precursors of potent mediators such as prostaglandins 
and leukotriene.s. 

In addition, located in the membranes at the interface 
between tlie extracellular and intracellular compartment, 
they may influence intracellular signaling pathways. 
Arachidonic acid and its metabolites as a second 
messenger system, activate transcription factors and 
induce the expression of eady genes as an immediate 
cellular response, that can be antagonized by the n-3 FA 
family^'. Thus again, a physiologic balance of the two 
essential FA families has to be supplied in the food in 
relation to health in general. Because in vegetable oils, 
only lA lowers serum choltrtsterol as shown by many 
studies, recommendations i:o prevent CHD was to 
increase the intake of PUFA. essentially LA, to 10% of 
energy, by using oils and margarine containing mostly LA 
(sunflower oil, safTlower oil, com oil). We have 
observed""* that at a high intalce, LA blocks the conversion 
of ALA in its metabolites, a result conftrmed by Emken^* 
using deuterium labeled LA and ALA. 

Addition of a large amount of LA to a diet low in SFA to 
decrease serum cholesterol by 15% as in the Minnesota 
Coronaiy Survey*^ did not prevent, in primary prevention, 
cardiovascular and all cause mortality. Even in secondary 
prevention, the use of soybean oil containing approxi- 
mately 60% LA and 8% ALA- was not associated with a 
protection from cardiac death both in the Leren'*^ and 
Morris and Ball"*^ trials. 

In r<u, soybean oil did not prevent ventricular fibrillation 
(sudden death)^'. Only rapesi^d (canola) oil was efficient 
for that purpose, possibly owing to its ratio LA/ALA of 2.6/1 
compared to 7.5/1 in soybean oil. By using rapeseedoil and 
mary;irine, we were ai^le to completely prevent sudden 
death in our secondary prevention trial' the rado LA/ALA in 
the whole diet being 5/1. Longer chain n-3 FA from fish oil 
may also prevent cardiac death to some extent as shown by 
the diet and reinfarctlon trial (DART)^. 

In addition, recent prospective studies have shown that 
the only PUFA inversely related to CHD was ALA either on 
non-fatal"^*'*' myocardial inj'arction (MI) or on cardiac 
death'*''. In that connection ii: has been observed that the 
FA lowering platelet aggregation in man was ALA^^ but 
not LA that rather increases platelet response to ADP in 
nil, monkey and man'°. 
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Finally, in the Lyon diet heart study*^, in the experi- 
mental group having a much higher intake of ALA, the 
occurrence of cancers was reduced by 6l%, after a follow- 
up of 4 years. This suggests that in addition to CHD, other 
serious health problems such as cancer and inflamma- 
tion'^, may require a change in the balance of LA/ALA. 

Concerning the long chain n-3 FA (EPA, DHA) it has 
been suggested that the low rates of CHD in Greenland 
and in Japan may be due to the high consumption of fish 
in these countries'^. This hypcrthesis has been supported 
by prospective studies showing in most of them that the 
subjects with a moderate intake of fish at baseline, had a 
lower rLsk of fatal C^D compared to men who did not 
consume any fish'*''^. These observations have been 
confirmed by intervention trials such as the DART^' and 
the GISSl'^ trials on the prevention of cardiac death. 
Mechanisms involved, aa reviewed by Leaf and Weber^^, 
include a lowering of very low-density lipoproteins 
CVLDL), of thromboxane production and of blood 
viscosity associated with an increase in fibrinolytic activity 
and in prostacyclin synthesis. As already emphasized, the 
protection from sudden cardiac death may be by reducing 
the Ca2+ entry in myocytes^. 

In conclusion, both the n-6 and n-3 FA are essential for 
life, but have opposite effects on several systems and 
compete for the same enzymes. Thus for the prevention 
of CHD and other serious health problems, the dietary 
supply of PUFA should not be higher dian 5% energy with 
a proper ratio of the two families, probably in the range of 
3-5/1 (LA/ALA+ longer chain n-3) but not 10 to 20/1 as 
frequently observed in Western countries. 

Manaunsaturated fatty acids (AfUFA) 

The relative failure of LA to prevent CHD in intervention 
trials*^ as well as the possible carcinogenic^ and 
suppressive effects on the immune system*^ have drawn 
attention to MUFA in the prevention of CHD. The Cretan 
population with the greatest life expectancy in the 
Western Worid^ and the lowest risk of CHD, has an 
extremely high intake of MUFA, essentially OLA (9-cis 
1S:1), as supplied by olive oil. 

Earlier studies laave considered OLA as a neutral FA^ 
neither raising nor lowering serum cholesterol. This 
neutral effea also extends to all lipoprotein fractions: 
VLDL, low density lipoprotein (LDL) and high density 
lipoprotein (HDL). Tlial neutrality should not be con- 
sidered as a disadvantage since very few nutrients can be 
considered totally safe. The concept of the neutrality of 
OLA can be extended to imply its safety. In terms of 
carcinogenicity or its effect on the immune system, OLA 
emerges as one of the safest nutrients^V Recent analyses*^ 
suggest or confirm previous work in that OLA is not 
totally neutral on LDL-cholesteroI, but rtither exerts a 
significant lowering effect which is lialf as potent as LA. 
Moreover OLA increases the concentration of HDL- 
cholesteroi^^ slighdy more than LA'*''. One reason for 
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OLA to be associated with a lower LDL-cholesterol is that 
OlA is the preferred substrate for die ACAT (acyl CoA 
cholesterol acyltransferase). When the liver is enriched 
with OLA, an increase in the hepatic LDL receptor activity 
is observed, resulting in a reduction in the LDL- 
cholesterol production rate and a drop in the LDL- 
cholesterol level in blotxl. 

In addition to have iis concentration reduced by OIA, 
LDL enriched in OLA by supplement feeding in humans, 
presented lower proinflanunatory properties^. That study 
demonstrates that when exposed to oxidative stress, the 
LDL enriched in OLA promotes less monocyte chemotaxis ' 
(52% lower) and reduces monocyte adhesion by 77% 
compared with LA enriched LDL. LDL enriched in OLA 
may be less readily converted to proinflammatory 
minimally oxidized LDL, able to enhatK^e early events of 
atherosclerosis such as monocyte chemotaxis and adhe- 
sion. Finally, OLA may enhance cholesterol efflux from 
human fibroblasts^. 

In addition to protective effects on atherosclerosis per 
se, an OLA rich diet seems also to have a beneficial effect 
on thrombogenesis. Oimpared to SFA rich diet, human 
subjects on a OLA enriched diet for 8 weeks, exhibited a 
significandy lower activation of postprandial faaor VII 
and concentration of fiiictor VII antigen*^. The interest in 
factor VII is that it Is positively associated with CHD 
mortality^ and may be involved in the initiating 
mechanisms of coronaiy thrombosis. 

Thus considering all the positive effects for health of a 
diet rich in OLA as briefly described above, it seems 
logical that such a diet can be associated with a tow 
mortality mte from CHD. Nevertheless, for the type of 
huge protection observed in Crete (95 to 98% compared 
to other countries) additional nutrients such as ALA, 
fibers, antioxidants and others may l?e required. Never- 
theless, because of the safety of OLA as a nutrient, its 
intake may not be restriaed in a healthy diet, except 
perhaps as a risk for overweight. 

Dietary fiber 

As reviewed by William Connor^, tl^e Fiber hypodiesis 
has been developed by two physicians Dr Denis Burkitt 
and Dr HC Trowell hodi working at Kampala, in Uganda, 
They noted that the Africans they treated had rarely 
Western di.seases such as CHD, hyf>ertension, dial^etes, 
cancer and othei*s. They speculated that the reason was 
that the African diet contained a lot of roughage that had 
been eliminated of the Western diet. 

It was di.'icovered that soluble fibers .-such as pectin from 
fruits or beta-glucan in oat bran, lower serum choles- 
terol^'. However the effect on cholesterol seems to be 
extremely modest. Thus, it has been concluded that the 
main effect of oat bran consumption is to replace the high 
fat, high cholesterol foods usually consumed. 

Nevertheless, receni; prospective studies indicate that a 
higher inuike of fibers from fruits, vegetables and cereals 
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reduces the risk of mortality not only of CHD^, but also 
of cancer and all causes^^. 

In Finland^ a prospective study on 21 930 smdiing 
men, followed for 6.1 years, has observed that both non- 
fatal myocardial infarction and coronary death were 
inversely related to the intake of fiber, the association 
being higher with coronary death. For men in the highest 
quinttle of dietary fiber C4.8 g/day) coronary death was 
reduced by 31% (p < 0.001 for trend) compared to the 
lowest quintile (l6.1 g/day). Adjustment for confounding 
variables did not change the results. 

The conclusion was that greater intakes of food rich in 
fiber, independendy of other risk factors, substantially 
reduce the risk of CHD mortality. Soluble fibers and cereal 
fibers seemed to have the greatest effects. 

In USA^^, on 43 757 US male health professionals 
followed for 6 years, fatal coronary disease and non-fatal 
MI were reduced by 41% among men in the highest 
quintile of fiber intake C28.9 g/day) compared with men 
with the lowest quintile (12.4 g/day). As in Finland, 
adjusting the results for confounding variables did not 
change much the significance of the data. Also as in 
Finland, the inverse association was strongest for fatal 
CHD and the cereal fibers were the most strongly 
associated with the reduced risk of CHD. As to the 
mechanism Involved, the reduction in CHD observed in 
these last 2 prospective studies is larger than would be 
expected from the limited beneficial effect on serum 
cholesterol, especially for cardiac death. A high fiber 
intake has been associated with a decrease in the level of 
insulin and an increase in insulin sensitivity^^. Effects on 
hemostatic variables have also been reported^^. 

Further studies are certainly required to elucidate the 
mechanisms involved in the remarkable protection 
observed in the prospective studies. Intervention trials 
seem to be required since the only intervention with fiber 
(in secondary prevention) did not observe any beneficial 
effect on CHD*'. Nevertheless, the intake of fibers is 
certainly not associated with adverse effects and thus, 
their consumption should not be restricted but rather 
largely encouraged. 

Antioxidants 

The renewed interest for the putative protective effect of 
antioxidants on CHD^* comes from the Steinberg et al. 
hypothesis suggesting that it is the oxidaiively modified 
LDL that are atherogenic. Studies in rabbits show that 
atherosclerosis can be reduced by adding an antioxidant 
to the diet, an effect independent of plasma cholesterol^. 
Free radicals are highly reactive molecules because they 
contain an unbound electron. In our body, they can 
oxidize many molecules such as lipids, especially 
unsaturated fatty acids (UFA). Under normal physiologic 
conditions, cells are protected against free radicals by 
enzymes (.superoxide dismutase, catalase, glutathione 
peroxidase) and by antioxidants such as vitamin E (the 
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Diet and coionary heart disease 

main antioxidant in membranes), vitamin C and beta- 
carotene. When the balance l^tween the formation of 
free radicals and antioxidant defenses is disturbed, UFA 
from LDL are oxidized. Oxidized LDL become athero- 
genic eliciting a chemotaciic response stimulating mono- 
cytes, to l^e transformed into macrophages and 
sulxsequently into foam cells. Oxidized LDL are cytotoxic 
and damage endothelial cells, stimulating platelet aggre- 
gation and procoagulant activity^. Finally, the suscept- 
ibility of LDL to oxidation appears to be related to the 
severity of coronary atherosclerosis in man^. 

In LDL, all UFA are not susceptible to peroxidation at 
the same extent. LA appears to be much more susceptible 
than OLA™. As to n-3 FA, it hiis been postulated that die 
long chain n-3 from fish oil (EI^A, DHA) may inhibit rather 
than increase oxidative modifiiiation of LDL®\ despite the 
numl>er of double bonds in tine molecules. 

The next step in the antioxidant hypothesis of 
atherosclerosis is to determine whether dietary antioxi- 
dant substances are inversely related to CHD. 

Prospective studies in 39 910 male healdi profes- 
sionals®^ and 87 245 female rurses^^ have observed that 
the incidence of CHD was about 40% lower in subjeas 
who coasumed vitamin E s\jpplements. By contrast 3 
European prospective studief.^^'*''^ in which vitamin E 
was supplied mostly by food, did not show an inverse 
relationship to CHD, It has been postulated that the 
prevention of CHD requires large amounts of vitamins 
difficult to get from dietary sources alone. 

Nevertheless, intervention studies with vitamin E 
supplements have not clarified further the problem. In 
the 'Cambridge Heart Antioxidant Study' (CHAOS)^^ saidy 
on secondary prevention of CHD, 2 002 patients were 
randomly assigned to a pharmacological dose of vitamin 
E or placebo. After 17 months, vitamin E reduced non 
fatal MI by 66% and cardiac death+MI by 36% respec- 
tively, in such a way that there was a non-significant 
increase in cardiovascular death in the treated group. In 
the ATBC trial in Finland, 50 rng daily of vitamin E did not 
reduce CHD mortality or the incidence of angina pectoris 
in heavy smokers®^. 

Thus there are considerab:e doubts as to whether we 
know the dose iind duration of vitamin E supplementa- 
tion to effectively prevent CHD and whether a diet rich in 
vitamin E might not he more efficient than supplements. 
In that connection, it has been shown that a high 
concentration of vitamin E can act as prooxidant®', 
especially in the absence of aqueous antioxidants such 
as ascorlDate and urate^". Polyphenols can be added as 
poweiful antioxidants that also can regenerate vitamin E. 

An example of the possible role of other antioxidants 
on the vitamin E status was i:he French adaptation of the 
Cretan diet^. Despite a lower intake of vitamin E, the 
experimental group iiad a significantly higher plasma 
level of vitamin E at one year, related to the intjike and the 
plasma level of vitamia C. Vitamin C is known to protect 
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and regenerate vitamin E^^ and the polyphenols may have 
a similar effect. Nevertheless, the intake of vitamin C was 
not inversely related with CHD, in the large prospective 
studies from Harvard*^^*'^^, contrarily to polyphenols in 
Netheriands^ and Finland^^ found to be beneficial. 

To be noted is that the Cretan cohort (the greatest life 
expectancy in the Western World) had with the Corfu 
cohort the highest intake of vitamins C and E of the Seven 
Countries Study''*, out of their local food. Although there 
is absolutely no doubt that in the human diet a high intake 
of vegetables and fruits with their antioxidant compo- 
nents, is associated with a consistent protection from CHD 
and odier diseases, further studies are warranted to 
evaluate under what conditions andoxidant supplements 
may have similar beneficial effects. By contrast, in all 
populations with a high Intake of vegetables and fruits, as 
well as In all studies having investigated the effects of 
such diets, beneficial effects were observed not only on 
CHD but also on other diseases. Thus, a high consump- 
tion of vegetables and fruits should be encouraged by any 
means. 

PoUc acid, pyridoxine (vitamin B6) 
It has been known for years'* diat an increased level of 
homocysteine in blood was associated with severe 
arteriosclerosis. Homocysteine is an amino acid produced 
in the metabolism of methionine, usually not detectable in 
plasma or urine. As a result of a genetic disorder, large 
amounts accumulate in plasma and urine and these 
patients die early of CHD. Even a moderately increased 
level of homocysteine in blood is associated widi 
increased risk of peripheral vascular disease, CHD and 
stroke^^ 

Enhanced platelet aggregation, endothelial damage^ 
and lipid peroxidation^ have been postulated as possible 
mechanisms in the predisposing effect of homocysteine to 
CHD. 

To avoid accumulation of homocysteine in blood, 
homocysteine has to be converted to cysteine in a vitamin 
B6 dependent reaction or remethylated to methionine in a 
relation involving folic acid and vitamin B12. One 
efficient way to reduce homocysteinuria appears to be 
through administration of folic acid alone, or folic acid 
and pyridoxine combined^. In Rirther studies, only folic 
acid or the combination with the B vitamins led to a 
significant reduction of homocysteine in plasma, but not 
vitamins B12 or B6 per se^"**. 

In a recent prospeaive study, Rimm et ai}^^, have 
observed, in 80 082 nurses after 14 years of follow-up, 
that the number of non fatal MI and fatal CHD were 
reduced by 45% in the highest quintile of both folic add 
and vitamin B6 intake compared with the lowest quintile. 
26% of folate was supplied by multiple vitamins and the 
rest by cereals, orange juice, lettuce, eggs, broccoli and 
other vegetables and fruits. A surprising result in this 
study was that the protective effect of folate and vitamin 
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B6 was much more efficient in women consuming more 
than one drink of alcohol per day. 

It has also been reported that n-3 fatty acids from fish 
oil reduced the level of homocysteine compared to olive 
oil*°*. Thus it may be that other nutrients than vitamins 
may have an effect on iiomocysteine, a topic that requires 
much further studies. 

Calcium 

The interest of dietary calcium in relation to CHD is that in 
many countries, an inverse relationship has been found 
between hard water and the occurrence of cardiovascular 
diseases^°''*^. This effect appears to be due to the 
calcium content of the waters^. 

In man dietary calcium is known to induce a borderline 
reduction of serum cholesterol'*'^ but an 18% decrease in 
triglycerides has been iioted'**^. In studies on 9 groups of 
French and British farmers the intake of calcium evaluated 
by the chemical analysis of a duplicate sample of food 
including water consumed, was inversely related in 
multivariate analysis, to the level of triglycerides but not 
of cholesterol'*^ In the studies in man^*^ as well as in 
rabbits*^', the intake of calcium was strongly inversely 
related to thrombin Jiduced platelet aggregaaon and 
platelet clotting activity. It seems that the intake of 
calcium was regulating the absorption of saturated fats 
and their effect on platelets. Possible mechanisms^ 
could be that dietary calcium promotes the excredon of 
SFA in Che feces, especially the long chain SFA Cl6:0, 18:0) 
the most active to promote platelet aggregation and 
susceptibility to thrombosis in animals. 

The National Health and Nutrition Examination Survey 
in USA, showed that a low calcium intake gives rise to 
high blood pressvire^^\ In the Nurses Health Scudy"^ 
results obtained were similar An intake of 800 mg 
calcium decreased the risk of high blood pressure 
compared to an intak^^ of less dian 400 mg/day. 

The National Institute of Health Continuing Medical 
Education recommends a daily intake of up to 2 000 mg 
of calcium per day to prevent hypertension. At that level, 
additional beneficial effects on triglycerides and platelet 
aggregation may be expected in subjects with a high 
intake of SFA. Thus, in all studies evaluating the relation- 
ship between the inta ke of SFA and occurrence of CHD, 
the intake of calcium from food and water has to be 
considered as a confounding factor in addition to the 
other risk or pi'eventive factors. 

Cheese are the richest foodstuffs in calcium but Ls also 
rich in SFA, Nevertheless, Greece and France, the highest 
consumers of cheese in the world, enjoy the highest life 
expectancy in the Western World. Studies suggest that the 
absorption of SFA from fermented dairy products (cheese, 
yogurt,.,), through the formation of insoluble calcium 
salts of SFA, partly excreted in the feces, Is much lower 
than from whole milk, a structure designed for total 
absorption of all nutrients. In the Lyon study''*** and also 
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in the Finnish experiment"^, consumption of cheese and 
yogurt was suggested, if possible, low in fat. Thus, 
consumption of cheese seems to be compatible with a 
low mortality rate from CHD, probably through the 
beneficial effect of calcium. 

Finally, in all populations, an inaeased intake of 
calcium from food and water seems to be a justified 
recomrnerKiatlon for health. 

Alcohol 

The inverse relationship between morbidity and mortality 
from CHD and the moderate consumption of alcoholic 
beverages, has been documented by ecological, case- 
control and prospective studies involving more than 1 
million subjects^ Depending on the prospective studies, 
with an intake of 2 to 4 drinks per day, reduction in CHD 
mortality was of 20 to 60%. Only one study in Finland has 
shown an increase risk, whatever was the intake of 
alcohol"'. It has to be emphasized that in this Firmish 
study, 60% of the alcohol was spirits, that it was used for 
intoxication (binge drinking) and was followed by 
sudden death or stroke. Binge drinking of beer seems 
to have similar effect"^ since after heavy acute intake a 
6.5 fold increase in fatal MI was observed. It is known that 
alcohol could be beneficial for CHD only if used 
moderately and spread out over the week. 

Rimm et al^^^ found ttiat the average number of days 
per week on which alcohol was consumed was inversely 
associated with the risk of CHD. Men who reported 
drinking on 3-4 days per week had a 34% reduced risk of 
CHD compared with men who drank on less than one 
day. Thus, to have protective effect on health, particularly 
to prevent CHD, alcohol has to be used as in the 
Mediterranean countries, mostly at meals, through the 
week, and of course, moderately. 

A question frequendy raised is whether wine per se is 
healthier than other alcoholic beverages. On CHD as 
emphasized by Rimm ei al}^^, data so far do not confirm 
diat wine protects more efiiciently than other alcohols. In 
our recent prospective study in Eastern France"^ on 
36 250 men, we found that the protective effea of wine 
may be more consistent tlian that of beer. It is mosdy on 
cancer and death from all causes, at least in man, at very 
moderate intake, that wine appeai-s to offer more 
protection than the other alcohols as also observed by 
Gronbaek et probably owing to phenolic 

compounds such as lesveratrol'^^, contained in wine. 

Concerning the mechanisms involved in the protective 
effect of alcohol, it has been associated with an increased 
level of HDL-cholesterol, independendy of physical 
activity' However, it seems that the effea on HDL can 
explain only 50% of the protective effect of alcohol"^. 

To protect from CHD, the main target of alcohol seems 
to be MI i.e. coronary thrombosis rather than athero- 
sclerosis per se^^'"'. In that connection the Influence of 
alcohol drinking on platelet aggregation was examined in 
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Diet and coronary heart disease 

rat as well in man and shov/n to be markedly reduced 
after moderate Intake. However, under acute Ingestion of 
ethanol, a rebound effect on platelet response can be 
observed that may explain the untoward effects of binge 
drinking resulting in sudden death and stroke'^. This 
rebound effect on platelets dc^ not seem to occur with 
wine drinking at least in rats, owing to the antioxidant 
polyphenols^^. It is known that alcohol drinking 
increases peroxidation that appears to be related to the 
rebound effect. The polyphenols from wine impede that 
peroxidation and the untoward effects of edianol on 
platelets^^'. 

Concerning the long-term effects of alcohol on platelets 
in man, we found in 1 600 subjects from Wales, that the 
intake of alcohol in a dose-related manner, was inversely 
associated witli the response of platelets, most signifi- 
cantly secondary aggregation to ADP^^, probably 
through thromboxane A2 production*^. This is exactly 
what aspirin does*^, known also for its remarkable 
protective effects on CHD^". Thus, it is no longer 
surprising that a moderate intake of alcohol could be 
associated with a protective effects on CHD since it 
increases the level of HDI^cholesterol at about the same 
extent as physical activity^^^, and reduces platelet 
aggregation similarly to aspirin. Nevertheless, depending 
on tlie type of alcoholic beverage wine, beer, spirits and 
the way it is used (binge drinking or moderate consump- 
tion regvilarly at meals) opposite effects can be observed 
on CHD and other health problems. Thus recommenda- 
tions should be simUar to the 1995 US dietary guidelines 
for Americans: 'If you drink alcoholic beverages, do so in 
moderation, with meals and rvhen consumption does not 
put you or others at risk'^^^. 

Dietary fatty acids and sermn cholesterol 

As shown in human and several animal species, feeding 
increasing lunouncs of cholesterol alone results only in 
modest increases in serum tDL-cholesterol or total 
cholesterol. By contrast, v/ith a constant intake of 
cholesterol, increasing the :imount of a triacylglycerol 
containing predominantly SPA, results in an increased 
response of serum cholesterol. This effect is suppressed if 
UFA replace the SFA of the triacylglycerol. 

Thus, these obsen'ations indicate that cholesterol and 
LDL-cholesterol in blood are increased to some extent by 
the intake of cholesterol, bui; tiiat it is prcdomin;intly the 
amount and type of fat which determine their blood level. 
To determine whether ali SFA were equivalent to increase 
cholesterol in blood, FA from 6:0 to 18:0 were fed to 
hamsters'^^. The shorter ch:iin FA (6:0 to 10:0) did not 
significantly elevate LDL-cholesterol in blood, compared 
to dietary cholesterol alone. These FA are rapidly 
metabolized to acetyl Co A in the liver, and do not 
change the FA composition of the lipid pools. By contrast 
the 12:0, 14:0 and i6:Q l~A markedly increa.sed die 
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LDL-cholesterol production and its concentration in 
plasma. By contrast. 18:0, although it became enriched 
in liver, did not change the produaion rate of 18:0 and 
did not alter tlie plasma level of LDL-cholesterol. Similar 
results were obtained in human studies. Thus it seems 
that the only FA biologically active concerning LDL- 
cholesterol are 12:0. 14:0 and l6:0, while 18:0 is 
biologically neutral. 

When 18:1 C9-cis) (OLA) was given to animals in the 
same studies as above, the LDL-cholesterol producUon 
rate was reduced as well as tlie LDL-cholesterol concen- 
tration. By contrast, the same FA with a trans configuration 
18:1 C9-trans) (Elaidic acid) did not lower the plasma level 
of LDL-cholesterol. 

Because early studies suggested that LA was more 
potent than OLA to lower serum cholesterol when 
compared to SFA, the First equadons to calculate die 
effects of dietary FA on plasma total cholesterol, 
considered only SFA and PUFA. 

Keys et al}^: ATC - 1.2 (2 SFA - PUFA), 18:0 being 
excluded from SFA. 

Hegsted et al}^\ ATC - 2.10 SFA - l.l6 PUFA 

Recently these equations have been revisited taking 
into account the lowering effect of OLA (MUFA) and even 
of (18:0) stearic add 

Mensik and Katan'^: ATC = 1.51 SFA - 0.12 MUFA - 
0.60 PUFA 

ALDL-c = 1.28 SFA - 0.24 MUFA - 0.55 PUFA 

Derr et al.^^'^i ATC = 23 (14 : 0) + 3.0 (l6 : 0) - 0.8 

(18 : 0) - 1.0 PUFA 

ALDL- c = 2.6(14 : 0) 2.9 (16 : 0) - 0-5 (18 : 0) - 0.7 

PUFA 

All these equations have been obtained in metabolic 
ward studies and are all consistent with our present 
knowledge. Nevertheless, they only give indications on 
the short term level of serum cholesterol (and LDL- 
cholesterol) that can be expected from the dietary habits. 
They are not able to give the real risk of CHD since there 
are many additional factors involved in that risk. 

TC=Total cholesterol 

LDL-c-LDL-cholesterol 

Dietary prevention of CHD 

Once dietary risk faaors are discovered, mechanism of 
their effects elucidated, before public health recommen- 
diitions it still remains to test, in randomized intervention 
trials, the dietary factors involved to be reasonably certain 
of dieir eventual beneficial effect*?. It Ls only intervention 
trials that offer d^e best chance of directly answering 
whether or not diet can reduce the rLsk of CHD and other 
diseases. Soon after the discovery of the positive relation- 
ship between saturated fats and CHD, intervention trials 
were set up to verify through a relatively simple diet 
manipulation whetifker saturated fats were really the 
villain. In the 1960's two comparable secondary prevention 
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trials were organized to prevent recurrences and death in 
400 coronary patients each and lasted 5 years. The Leren 
trla!^^ observed a significant lowering of coronary events 
but not of total mortality or sudden death. The Morris 
trial^^ although similar i:o the Leren trial in terms of diet 
modiflcadon and lowering of cholesterol (16% for Morris 
vs 14% for Leren) did not observe a significant reduction 
either of coronary events or of cardiac or total mortality. 
The diet recormnendations were to decrease as much as 
possible the intake of saturated fats and to use mostly 
soybean oil for preparing food. Apparently, the subjects 
were sticking to the diet since their cholesterol was 
lowered similarly in tlie 2 trials. In these studies, the 
polyunsaturated/saturated ratio (P/S) was increased from 
0.2-0,3 to more than 1.8 I.e. a large intake of PUFA to 
replace SFA. 

A conclusion of these studies was that in secondary 
prevention, once the patients had already CHD. it was too 
late to tiy to prevent by dietary manipulations coronary 
events and death since atherosclerosis is a long lasting 
pathologic process. Thus, additional trials in primary 
prevention were set up as briefly shown in Fig. 3. Of 
special Interest was the primary prevention of the 
Minnesota Coronary Survey because the dietary changes 
were similar to the previous secondary trials with a P/S 
ratio of 1.6 in the experimental group compared to 0.3 in 
the control group^^. Also, it was a double blind 
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randomized trial on 9 057 subjects in psychiatric hospitals 
in Minnesota i.e. the ideal conditions for a triaL After 4.5 
years of follow-up, serum cholesterol was lowered by 
1596 in the experimental group compared to controls, 
similarly to the Leren and Morris secondary trials. 

Concerning coronary events and all-cause mortality^ 
they were increased by 8% in the experimental group. 
These results do not suggest that diet, especially dietary 
SFA, are not related with CHD but rather that the type of 
diet proposed, not used by any population in the world, 
was not better to prevent CHD than the diet used in 
Western Countries at that time. 

In the meanwhile, Hjermann and Leren in Oslo had 
setded an additional trial, this time in primary preverttlon, 
but in subjects at risk because they smoked and were 
hypercholesteroleroic^^. 

The diet intervention was combined with a decrease in 
smoking but apparendy the effect was due mainly to the 
dietary habits. In the experimental group coronary events 
were reduced by 44%, cardiac death by 59%, sudden 
death by 69%, all cause mortality by 39% after a follow-up 
of 102 months. The diet recommendations were to 
decrease die intake of SFA without being replaced by 
PUFA, to use more bread, more vegetables, lean meat, more 
fishes and fruit for dessert. In the first report, the P/S ratio 
mentioned for the experimental group was 1.01 widi 8,2% 
of calories supplied by saturated fat. After reevaluation, 
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Ra 3 The main dietary intervention trials lo prevent CHD. Total and cardiovascular (not shown) mortality were signiffcanUy lowered only 
when the intake of n-3 FA was increased. Non fatal Ml may be lowered, primarily when the n^ FA is ALA (the Lyon study) as also observed 
in recent prospective studies*'*'*'. Nevertheless in the Lyon and Hjermann trials the higher Intake of vegetables and fruits may have 
contributed to the obsen ed protective effects. P/S = polyunsaturated/saturated fatty adds, chol = cholesterol 
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Diet and coronary heart disease 

the P/S ratio was only 0.7^^ and serum cholesterol 
lowered by only 10%. Thus che Hjermann trial was the 
first to really demonstrate a significant reduction in CHD 
by a somewhat palatable diet more comparable to diet 
used by populations with low mortality rate from CHD. 

Since in the 1980's it was dear that coronary thrombosis 
was the main factor responsible for myocardial infarction, 
before undertaking our own i:rial^ we determined first in 
human populations, what divX was the mo^ efficient to 
lower platelet reactivity (aggregation, coagulation). As 
shown in French farmers'"^'^*** it was not a diet low in SFA 
and rich in PUPA, espedally in LA even if it was the easiest 
way to lower serum cholesterol. It was a Mediterranean 
type diet, used in South of France and we reproduced its 
effects in Moselle, in Eastern France"*®. 

The fat composition of the diet to decrease platelet 
aggregation to aU agonists consisted of moderate changes 
with 10% of energy from saturated fat. a P/S ratio of 0.6 
(PUFA, 6% energy) and a ratiD of LA/ALA 3/1. It was not 
far from the diet used In Crete, associated with the lowest 
mortality rate from CHD among the 16 groups of the 
Seven Countries^ and tlie greatest life expectancy in the 
Western World^^^. It included a somewhat Wgh intake of 
ALA as shown by the fatty acid composition of cholesterol 
esters in Crete compared to T^etherlands^***. 

In the Lyon trial on 600 coronary patients^'^*^, to stick 
more closely" to the Crete diet/ it was advised to the 
patients to adhere to the following suggestions^" 

1. more bread, 

2. more vegetables and legumes, 

3. moi'e fish, 

4. less meat Cbeef, lamb, pork) replaced by poultry, 

5. no day without fruit, 

6. no more butter and cream, to be replaced by a special 
margarine made out of rapeseed oil and to switch 
f]"om sunflower oil or similar oils rich in LA to olive oil 
or rapeseed oil. 

The special margarine used in the intervention trial had 
been designed already for the Moselle study^. Its FA 
composition (Fig. 1) was very close to that of rapeseed 
(canula) oil. It is also somewhat.similar to that of olive oil. 

In Crete » olive oil is u.sed with all meals including 
breakfast, on bread, with cofl'ee. At present in France, it Ls 
difficult to have olive oil with all meals. Thus to have 
patients accepting to switch from butter and cream to 
another type of fat, margarine had to be supplied with a 
composition similar to olive oil. Rapeseed oil was selected 
becavise it is the only oil very similar to olive oil but in 
addition it contains more ALA. tlian olive oil (6-8% instead 
of 1%) dial in Crete is supplied by different foodstuffs 
such as purslane, snails, walnuts and others. 

Concerning daiiy products, only cheese, yogun, 
fermented thury products ir general, especially low fat, 
were encouriiged. A moderate intake of wine was also 
suggested. 
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After a mean follow-up of 27 months, non fatal Ml and 
cardiac deadi were reduced by more than 70% with the 
Mediterranean type diet compared to controls with a 
prudent diet. Serum cholesterol, triglycerides, HDL and 
LDL cholesterol, Apoprotein A and B, UpoproteinCa) were 
identical in the 2 groups. 

In addition, there were 8 sudden deaths in the control 
group and none in the experimental. Additional throm- 
botic events such as unstable angina, stroke and 
thromboembolism were also reduced by more than 
70%. By contrast stable angina, more closely related to 
the severity of atherosclerosis, thus to serum cholesterol, 
was only reduced by 28% in the recent evaluation after 4 
years^^^ 

It can be considered if confirmed, that the Lyon diet 
heart study reproduces, in France, the striking protection 
of the Cretans for CHD and also all cause mortality, 
essentially with an adaptation of their diet since medical 
treatment was identical in the two groups. As in Crete 
compared to other Mediterranean groups*, serum choles- 
terol in Lyon was not lower in the experimental group 
than in the control^'^^ In the experimental group, the 
intake of saturated fat was lower (8% of energy vs 10.6%) 
especially stearic acid, as confirmed by the FA composi- 
tion of plasma. The intake of OLA was higher by 40% and 
the ratio of LA/ALA was 23/1 in controls versus 4.5-5.0/1 
in the experimental group with an ALA intake of 2 g/day. 
Tlie experimental group also consumed more bread, 
legumes, vegetables and fmits, while fish consumption 
was similar in the two groups. 

A key factor in the protection observed in the 
experimental group may be the intake of ALA^'**, 
probably similar to that in Crete as evaluated from the 
level in plasma*^. Also of interest is that a high level of 
ALA has also been found in Japan and in Canadian 
fnuits^'*^, two populations known for their protection 
from CHD usually attributed to fish consumption. It has 
also been found In 3 prospective studies as the only fatty 
acid inversely related to non fatal"*^'^^ or fatal Ml'*®. ALA 
supplied under the form of rapeseed oil, was the most 
efficient FA at least in rat, to prevent ventricular fibrillation 
and sudden deatb^**'^^. We foimd that it was also the only 
FA associated with lower platelet reactivity'*^ In confirma- 
tion of the pioneer work of Owren on platelet adhesive- 
ness^'^. 

The work of Singh et al,, in India, obtained results 
comparable to the Lyon diet heart study to prevent 
recurrences after an MI, with a diet rich in vegetables and 
fruits^'*^ or with n-3 FA^^*. Finally, in Finland, between 
1972 and 1992, the sharp decline in CHD appears to be 
the result of changes in the main risk factors, attributed to 
diet modification. 

in brief, these dietary changes consisted: 

1. in switching from high fat to low-fat milk, now used 
by 80% of the population. 
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2. replacing butter on bread by soft margarines, 

3. using rapeseed (canola) oil for cooking and in the 
margarine industry^ 

4. Increasing continuously over the years the consump- 
tion of fish and cheese, 

5. increasing consumption of fruits Cx2) and vegetables 
(x3). 

Thus the changes in ttie dietary habits that took place in 
Finland during the last part of this century were very 
similar to those of the experimental group In the Lyon diet 
Heart Study. 

Concerning the public health implications of the diet 
recently designed to effecUvely prevent CHD. it is 
interesting to note that such dietary changes at the level 
of the Finnish populatii^n have been associated with an 
enjoyable decline of 55 to 68% in the mortality rate from 
CHD over a period of 20 years. During that period, CHD 
mortality in Finland, once the highest in the Western 
World, declined marketUy (up to 80% in 40-50 years old 
men) in such a way it is now similar to that of UK or 
USA^*^. Apparently it is more than can be explained by 
the main risk factors*^' i.e. smoking, blood pressure and 
cholesterol, the last two being markedly influenced by 
diet. Of additional interest is that, at least in intervention 
trials*'^"*^, these dietary protective effects occur rapidly i.e. 
within a few months after diet modification, owing to 
direct effects on thrombosis and cardiac (sudden) death, 
independently of serura cholesterol as shown by human 
and animal studies. 

In addition to ALA ;md other n-3 FA, many nutrients 
may be involved in the protective effects of diet as 
summarized in Fig. 4. Of additional interest is that such 
dietary changes were also associated with a di-astic 
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reduction in cancer mortality, both in Finland and in the 
Lyon trial^^. 



Abbreviations 


ACAT 


acetyl CoA cholesterol acyltransferase 


ADP 


adenosine diphosphate 


ALA 


alpha-linolenic acid 


CHD 


coronary heart disease 


DHA 


docosahexaenoic acid 


FA 


fatty acids 


EPA 


eicosapentaenoic acid 


HDL 


high density lipoproteins 


LA 


linoleic acid 


LDL 


low density lipoproteins 


LDt-C 


LPL cholesterol 


LP(a) 


lipoprotein a 


Ml 


myocardial infarction 


MUFA 


monounsatu rated fatty acids 


n-3 FA 


family of fatty acids derived from alphali- 




nolenlc acid (18:3 n-3) 


n-6 FA 


family of fatty acids derived from linoleic 




add (18:2 n-6) 


OLA 


oleic acid 


PUFA 


polyunsaturated fatty acids 


P/S 


poiyunsaturated/saturated fatty acids 


SFA 


saturated fatty acids 


TC 


total cholesterol 


TFA 


trans fatty acids 


UFA 


unsaturated fatty acids 


VLDL 


very low density lipoproteins 
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1) SFA -Choi 



2) TFA 



1) SFA 

2) TFA. LA 



1) SFA 

2) LA 
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PUFA - OLA 
Antioxidants 
Calcium, AIco 

Folate 
Fiber 



ALA. AlcD 

Antioxidants 

Calcium 

Fiber, Folate 
EPA. DHA 



ALA. 

EPA, DHA 



Fiber 



Pathologic PheDomena 



Cliaical Manifestations 



Atherosclerosis 



Stable Angina 



1\ 



Thrombosis 



i 



VentrkuUr 
Fibrillation 



Unstable Angina 
Myocardial Infarction 



Sudden Death 



Fia 4 Nutrients with de.Tionstraled or possible links with CHD clinical manifestations. Evidence: (1) reasonable: (2) to be confirmed. 
Abbr^vatSiJnrAL^^^^ alpine Knic add'^AIco = alcohol. DHA = docosat^exaenolc add. EPA = elcosapentaeno.c acid. LA = l.nole.c acd. 
OLA = oleic add. PUFA « poty unsaturated fatty acids. SFA = saturated fatty acids. TFA = trans fatty acwls 
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Optimal Diets for Prevention 
of Coronary IHeart Disease 



Frank B. Hu, MD» PhD 



Walter C. Willett, MP, DrPH 

THE RELATIONSHIP BETWEEN DIET 
and coronary heart disease 
(CHD) has been studied inten- 
sively for nearly a century. In 
1908, Ignatowski produced atheroscle- 
rosis in rabbits with a diet high in cho- 
lesterol and saturated fat*; Ceding the 
rabbits cholesterol alone prod uced iden- 
tical lesions. In the early 1930s, con- 
trolled feeding studies demonstrated 
that saturated fatty adds and . to a lesser 
extent, cholesterol increaried serum 
cholesterol concentration in hu- 
mans.^ Meanwhile, epidemiologic stud- 
ies found that increased senim choles- 
terol predicted risk of CHD in human 
populations. These discoveries led to 
the classic diet-heart hypothiisis, which 
postulated a primary role of dietary 
saturated fat and cholesterol in the 
cause of atherosclerosis and (IHD in hu- 
mans.' The diet-heart hypodiesis gained 
further support from ecoloji^cal corre- 
lations relating saturated fat intake to 
rates of CHD in cohorts from different 
countries'* and from studies of mi- 
grants from low- to high-risk coun- 
tries.' 

Until recently, most epidemiologic 
and clinical investigations of diet and 
CHD have been dominated by the diet- 
heart hypothesis. However, the origi- 
nal hypothesis was overly simplistic be- 
cause the effects of diet on CHV can be 
mediated through multiple biological 
pathways other than serum total cho- 
lesterol or low-density, lipoprotein cho- 
lesterol (LDL-C) (FIGURE l).*The ex- 
istence of these multiple pathways 
heightens the need to smdy clinical out- 
comes because the use of r, single in- 



Context Coronaiy heart disease (CHD) remains the leading cause of mortality In in- 
dustrialized countries and is rapidly becoming a primary cause of death worldwide. 
Thus, identification of the dietary changes that most effectively prevent CHD is criti- 
cal. 

Objective To review metabolic, epfdemiologiCr and clinical trial evidence regarding 
diet and CHD prevention. 

Data Sources and Study Selectfon We searched MEDLINE through May 2002 
forepidemiologfc and dinical investigations of major dietary factors (fat, cholesterol, 
omega-3 fatty acids, trans-fatfy acfds, carbohydrates, glycemic index, f Jber, folate, 
crfic foods, and dietary patterns) and CHD. We selected 147 ori^nal investigations 
and reviews of metabolic studies, epidemiologic studies, and dietary intervention tri- 
als of diet and CHD. 

Data Extraction Data were examined for relevance and quality and extracted by 1 
of the authors. 

Data Synthesis Compelling evidence from metabolic studies, prospective cohort stud- 
ies, and clinical trials fn the past several decades indicates that at least 3 dietary strat- 
egies are effective in preventing CHD: substitute nonhydrogenated unsaturated fats 
for saturated and irans-fats; increase consumption of omega-3 fatty acids from fish, 
fish oil supplements, or plant sources; and consume a diet high in fruits, vegetables, 
nuts, and whole grains and low in refined grain products. However, simply lowering 
the percentage of energy from total fat in the diet is unlikely to improve lipid profile or 
reduce CHD incidence, Many issues remain unsettled, including the optimal amounts 
of monouosaturated and polyunsaturated fats, the optimal balance between omega-3 
and omega-6 polyunsaturated fats, the amount and sources of protein, and the ef- 
fects of individual phytochemicals. antioxidant vitamins, and minerals. 

Conclusions Substantial evidence Indicates that diets using nonhydrogenated un- 
saturated fats as the predominant fonn of dietary fat, whole grains as the main form 
of carbohydrates, an abundance of fruits and vegetables, and adequate omega-3 fatty 
adds can offer significant protection against CHD, Such diets, together with regular 
physical activity, avoidance of smoking, and maintenance of a healthy body weight, 
may prevent the majority of cardiovascular disease In Western populations. 

JAMA. 7002;28S:2569-2578 www.iaina.cam 



termediatc end point as a surrogate of 
CHD risk could be misleading. In the 
past 2 decades, understanding of the 
nutrients and foods hkely to promote 
cardiac health has grown substan- 
tially owing to studies of the molecu- 
lar mechanisms of atherosclerosis and 
the metabolic effects of various nutri- 
ents and foods, large and carefully con- 
ducted prospective cohort investiga- 
tions, and dietary intervenrion trials. 
Although the search for the optimal diet 



for prevention of CHD is far from over, 
more specific and firmer evidence on 
diet and CHD is now available. 
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Fi^utfi 3. Predicted Changes in Semm Lfpids 
and Lipoproteins 




HDL-C LDL-C LDL-Cft-DL-C TO 



Predicted changes arc based on replacement of 5% 
□f energy as carbohydrates with speci^c fatty acids 
under k&ocaJoric conditions, assuming; baseline liigh- 
density lipoprotein cholesterol (HOL-C) levels of 50 
mg/dL (1.30 mmol/L), low-density lipoprotein dha- 
lesteroi CLDL-C) levels of 130 mg/dL (337 mmol/U, 
and triglyceride (TG) levels of 150 mg/dL (1.70 
mmot/L)." 



METHODS 

For this review, we searched MEDUNE 
through May 2002 for epideroiologic and 
cUnical investigations of various di- 



etary factors Cfat, cholesterol, oinega-3 
fatty adds, trans-fatty acids, carbohy- 
drates, glycemic index, fiber, folate, spe- 
cific foods, and dietary patterns) and 
CHD. We selected 147 original investi- 
gations and reviews of metaboUc stud- 
ies, epidemiologic studies, and dietary in- 
tervention trials relating to diet and CHD. 
Data were examined for relevance and 
quality and extracted by 1 of the au- 
thors. Although we emphasized con- 
trolled trials with clinical end points, few 
such trials exist. Thus, we gave substan- 
tial weight to large prospective cohort 
studies that reported disease outcomes 
and metaboUc studies with established 
intermediate end points. The evidence 
is considered strongest when results from 
different types of studies are consistent. 



DIETARY FAT 

Metabolic Effects 
of Dfetaiy Patty Acids 

Numerous controlled feeding studies of 
the effects of different dietary fatty acids 



on serum cholesterol levels have been 
summarized in several meta-analyses 
from which predictive equations have 
been developed/*" All suchanalyses con- 
firm early reports by Keys^ and Hcg- 
sted^ that saturated &tty acids increase 
and polyunsaturated &tty acids decrease 
total and LDL cholesterol. All 3 classes 
of fatty adds (saturated, monounsatn- 
rated, and polyunsaturatedO elevate high- 
density lipoprotein cholesterol (HDL-O 
when they replace carbohydrates in the 
diet, and diis effect is slighdy greater with 
saturated fetty adds (FlGlffiE 2). Also, tri- 
glyceride levels increase when dietary 
fatty adds are replaced by carbohy- 
drates. Because replacement of satu- 
rated Eat with carbohydrates proportion- 
ally reduces bodi LDL-C and HDI^C, 
and, ihxis, has litde effect on the LDL- 
HDL ratio and increases triglycerides, this 
change in diet would be expected to have 
minimal benefit on CHD risk. How- 
ever, when monounsaturated or poly- 
unsaturated fats replace saturated fat, 
LDL-C decreases and HDL-C changes 
only slighdy. Moreover, substituting 
polyunsaturated Eat for saturated fetmay 
have beneficial effects on insulin sensi- 
tivity^^" and type 2 diabetes."'^' 

In numerous controlled metabolic 
studies, trans-fatty adds (found in stick 
margarine, vegetable shortenings, and 
commercial bakery and deep-fried foods) 
have been shovm to raise LDL-C levels 
and lower HDL-C relative to cis- 
unsaturated fatty acids, and the 
increase in the ratio of total to HDL cho- 
lesterol for trcniS'fat is approximately 
twice that for saturated fat (FlGLTRE 3)." 
Trons-fatincreasesplasma levels of lipo- 
protein a^^'" and triglycerides^ and may 
reduce endothelial function by impair- 
ing flow-mediated dilation." In addi^ 
tion, frans-fatiy acids adversely affect 
essential Eatty add metabolism and pros- 
taglandin balance by inhibiting the 
enzyme delta-6 desaturase.^^'^^ Finally, 
high intake of trans-fat may promote 
insulin resistance''* and increase risk of 
type 2 diabetes. 

Epidemiologic Studies 

Geographic and migration studies 
showed strong positive correlations be- 
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tween saturated £at intake and rates of 
CHD.^-''*' Although these data provide 
evidence for the importance of environ- 
mental factors in the cause o!f CHD, diey 
are seriously confounded other as- 
pects of diet, other hfestyle fectors, and 
economic developmenL Prospective co- 
hort studies of individuals can better 
control for potential confounding fac- 
tors. Despite long-standing iriterest in the 
diet-heart hypothesis, prospective stud- 
ies of diet and CHD are surprisingly 
few'^'**'; only 2 found a signi ficant posi- 
tive association between sati traced fat in- 
take and risk of CHD."-^ Hosvcver, most 
earlier studies were bmitcd by small 
study size, inadequate diei:ary assess- 
ment, or incomplete adjustment for con- 
founding.*^ 

The lai^est and most detailed analy- 
sis included 4 repeated mea:aires of diet 
over 14 years among 80082 women in 
the Nurses' Health Study cohort.**' 
Higher Intakes of trflns-fat and, to a 
smaller extent, saturated fa L were asso- 
ciated with increased risk, whereas 
higher intakes of nonhydrogiaiated poly- 
unsaturated and monounsi) turated fats 
were associated with decreased risk. Be- 
cause of opposing effects of different 
types of fat, total fat as percentage of en- 
ergy was not appreciably associated with 
CHD risk. Dietary cholesterol and mod- 
est egg consumption (1 egg per day) 
were not significantly associated with ei- 
ther CHD or stroke.*^ 

In addition to the Nurses' Health 
Study, 3 other large prospective stud- 
ies have consistently found < Jevated risk 
of CHD with higher trans-fat 
intake."*'' '*^ Combining the results of 
the 4 prospective studies, the pooled 
relative risk of CHD associated with a 
difference of 2% energy in £rflH5-faity 
acid intake (assessed at br^eline) was 
1.25 (95% confidence interval, 1,11- 
1 .40).**^ Results from case-control stud- 
ies using biochemical markers o{trans- 
fat Intake have been less consistent.-" 
In a recent population-based case- 
control study of 179 cardiac arrest 
patients and 285 community controls, 
higher red-cell membrane levels of 
Jrans-fatty acids, especially trans- 
isomcrs frompartially hydrogenated 



vegetable oils, were associated with sig- 
nificantly increased risk of primary car- 
diac arrest.'*^ No association was seen 
in a small UK study of sudden death.^ 

Trials of Change In Dietary Fat 

Only a handful of dietary trials with 
CHD end points have been conduaed 
and most were among patients with 
CHD (Table). Two dietary approaches 
were tested In earlier trials; one re- 
placed saturated fat with polyunsatu- 
rated Bat, leaving total hi imchanged; the 
other lowered total fat. In all the high- 
polyimsaturated-fet trials,^" serum cho- 
lesterol was significantly reduced. In the 
Finnish Mental Hospital Study soft 
margarine replaced stick margarine^ so 
the reducdon in CHD was probably in 
part due to reduction in tran5-fat in- 
take. In the Minnesota Coronary Sur- 
vey,'* cardiovascular events were not 
significantly reduced by a high- 
polyunsaturated-fat diet despite a de- 
crease in serum cholesterol, but the 
mean duration of dietary intervention 
was only about 1 year. Two secondary 



prevention trials testing the approach of 
total fat reduction did not find a signifi- 
cant reduction in serum cholesterol or 
CHD events,'^ 

Omega-3 Patty Acids 

Omeg4-3 fatty acids may reduce risk of 
CHD by preventing cardiac arrhyth- 
mia, lowering serum triglyceride lev- 
els, decreasing thrombotic tendency, 
and improving endothelial dysfunc- 
tion.****' An inverse association between 
fish intake and coronary mortality was 
first reported in a Dutch population,'* 
and more than 15 prospective studies 
have followed. A systematic review of 
the 11 studies published before 2000 
concluded that the inverse association 
was stronger for fatal CHD than for 
nonfatal myocardial infarction (MI), 
and the benefit was most evident In 
populations with higher-than-average 
risk of CHD." Since that review, 4 ad- 
ditional prospective cohort stud- 
j^5Mi Qj^^ ^ case-control study*^ have 
provided further support for the pro- 
tective effects of marine omega-3 fatty 



Figure 3, Resufts of Metabolic Studies of the Effects of a Diet High \n Trans or Saturated 
Fatty Acids on the Ratio Off LDL-C to HDL-C 



Get High in 7?an5-Fany Adds 
Otet High in Sahjratad Fatty Acids 




4 5 B 

Eneiigy Frcm Fat, % 



LDL-C Indicates low-dersity lipoprotdn chdesterot; HDL-C Wgh-density lipoprotein chotesterol. A diet with 
Isocalofic amounts of a; -fatty adds was used as the comparison group, References are inc^cated by numbers 
Inside data markers. The solid line Indicates the best-fit regression for tranj-f atty acids, Hie dashed line indi- 
cates the best -fit regression for saturated fatty acids. Reprinted with permission." 
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acids against CHD in diverse popula- 
rions. Notably, 2 recent studies have 
shown that consuming 2 or more 
servings of Eish per week was associ- 
ated with 30% lower risk of CHD in 
women*'* and that blood levels of eicosa- 
pentaenoic acid (EPA) and docosa- 
hexaenoic acid (DHA) were strongly 
associated with decreased risk of sud- 
den cardiac death in men 

a-Linolenic acid (ALA), an omega-3 
fatty acid high in flaxseed, canola, and 
soybean oils, can be converted to EPA 



and DHA in humans and, thus, may 
have a role in prevention of CHD. An 
inverse association between intake of 
ALA and risk of fatal CHD was ob- 
senred in most prospective cohort stud- 
ieSy^^^^ but not in 1 smaller study.*' 
In a cohort of women, frequent con- 
sumption of oil-and-vinegar salad diess- 
ing (a major source of ALA in US di- 
ets) was associated with a significantly 
lower risk of fatal CHD,^ 

Three clinical trials have examined 
the effects of omeg^-3 &tty acids in sec- 



ondary prevention of CHD (Table). In 
the Diet and Reinfarction Trial,^^ pa- 
tients advised to eat (Ish twice weekly 
or to take fish oil (1.5 g/d) had a 29% 
lower mortality after 2 years. In the 
GISSI-Prevenzione trlal.*^ daily supple- 
mentation with EPA plus DHA ( 1 g/d) 
reduced the main end point (compos- 
ite of death, nonfatal Ml, and stroke) 
by 15%, primarily because of a 45% re- 
duction in sudden death after 3 months 
of treatment." A trial from India sug- 
gested benefits of both fish oil and mus- 



Table. Trials of Dietary Intervenlions and Coronary Events* 


Trial 


PfltiantB In 

Interventkin 
Group 


Dietary 
Intervention 


Dietary Fat 
(Energy] in 
Treatment 
Qroup, % 


Energy From 
P and 8 Fat 
In Treatment 
Qroup, % 


Overall 
Tria) 
DuratEon.y 


Change In 

Serum 
Choteaterol 
Level. %t 


Change In 
CHD, %^ 








Low-Fat Approach 








MRC flowfat)«» 


123 male Ml 
patients 


Reduce total fat 


22 


NR 


3 


-5 


44 


DART" 


1016 made Ml 
patlentd 


Reduce total Hat 


32 


NR 


2 


-4 


-9 






^gh-Polyunsaturated^at Approach 








Finnish Mental 
Hospital 
Stud/' 


676 men out 
CHD 


Reduce saturated 
fat increase 
polyunsaturated fat 


35 


P.13;S = 9 


6 


-15 


-44§ 


Los Angeles 
Veteran 
Study"' 


424 men; mojt 
had no 
evidence isf 
existing CHD 


Reduce saturated 
fat, hcrease 
polyunsaturated fat 


40 


P = 16:S = 9 


8 


-13§ 


-20 in CHD, -31§ in 
cardiovasctilar 
events 


Osto Diet-Heart 
Study"'^^ 


206 male Ml 
patients 


Reduce saturated 
fat. Increase 
potyLnsaturatod fat 


39 


P = 21;S = 9 


5 


-14§ 


-25§ 


MBC (soy oil)P° 


199 male Ml 
patios 


Reduce saturated 
fat, irx^rease 
polyunsaturated fat 


46 


P:S ratio = 2 


4 


-15§ 


-12 


Minnesota 
Cotonary 
Survey*^ 


4393 men anJ 
4664 wof nen 


Reduce saturated 
fat, ricrease 
poiyunsatureted fat 


36 


P = 15;S = 9 




-14§ 


0 






Increase Omega>3 Fatty Acid 








DART« 


1015 male 
patierrts 


Fish twice per week 
Offish oil (1.5Q/d) 


m 


NR 


2 


NR 


-16 in CHD events, 
-29§ in total 
mortality 


GISSI- 
Prevenzi- 


5666 ivn patients, 
primarily men 


Flsh<^l(&>A+DHA. 
ig/d) 


NR 


NR 


3.5 


0 


-30§ In cardiovascular 
cleath, -45$ In 
sudden death 


Indian Experiment 
of Infarct 
Survival 4™ 


242 Ml patients, 
prinrarily iTien 


Fish oa (EPA, 1.(38 g/d) 
or mustard oil 
(ALA, 2.9 g/d) 


NR 


NR 


1 


0 


-30§ in ftsh oil group, 
-1 9 in mustard oO 
group 






Whole-Diet Approach 








Lyon Diet Heart 
Study 


302 Ml patierrts, 
primarily rnen 


High ALA intake and 
Mediterranean diet 


31 


P:S ratio = 0.7 


3^ 


0 


-72§ 


Indian Experiment 
of kifeurct 
Survival' 


204 M\ patients, 
primanly men 


hOgh htake of fruits, 
vegetables, nuts, 
fish. arxJ pulses 


24 


P:Sratbo 1.2 


1 


-9§ 


-40§ 



♦Adapted from Hu et al."* P incicatss oolyunsatiFated fal; S, saturated fat; CHD, coronary heart disease; MRC, Medcal Ftesearch Council; Ml, myocardial inlarclkxi; NR rxM 
reported: DAPT, Otet and RdnfarciiDn Trial; QtSSI, Qrif}po Italaroper to Studo ti&ia Sopravvtvenza nel'lnfarto Mkx:ardco; B'A, eloosapentaenok; add; DHA. docosahaxaenolc 
acid; and ALA, n-Dnoienic add. 

tCliange In choieslerof level refers to ths percentage change ti serum chatesterDl level In the treatment group oompsred vvtth the change In the control gnxjp. 

ichanga in CHD refers to the panisnta^ja dItfBrBrH:e In coronarv event rates in ttie treatrrent group campaiBd with the contri^ group. 

&P<.05. 

HTha total duration of the study was 4.5 years, but Ihs mean duration of ths intervention was oriy 1 year. 
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tard oil in the treatment of MI pa- 
dents * In the Lyon Diet Heart Study, 
higher ALA consumption in the con- 
text of a Mediterranean diet dramati" 
cally reduced total and cartiiovascular 
mortahty as well as nonfatal Ml."*" 
These trials strongly support the pro- 
tective effects of omega-3 fatty adds, in- 
clnding both ALA and fish oil, in sec- 
ondary prevention of CHD. The role of 
fish oil supplements in primary pre- 
vention of CHD has not been tested. 

CARBOHYDRATES 

Prevailing dietary recommendations 
have emphasized high intake of com- 
plex carbohydrates, maiidy starch, and 
avoidance of simple sugarj.'^*^ How- 
ever, many starchy foods, su ch as baked 
potatoes and white bread, are rapidly 
digested to glucose and produce even 
higher glycemic and insulinemic re- 
sponses than sucrose (half glucose and 
half fructose). The glycemic index (Gl) 
ranks foods based on rise in. blood glu- 
cose (the incremental area under the 
curve for blood glucose levels) after in- 
gestion compared with gluD3se or white 
bread, standardizing the carbohydrate 
content to 50 g."'^* Foods with a low 
degree of starch gelatlnization (more 
compact granules), such as spaghetti 
and oatmeal, and a high hvel of vis- 
cose soluble fiber, such as barley, oats, 
and rye, tend to have a slower rate of 
digestion and, thus, lower GI values. In 
several comrolled clinical studies,^' 
feeding low-GT meals to diabetic pa- 
tients led to significant improvement in 
glycemic control and lipid profile, but 
larger studies are needed. 

Glycemic load CGL; the product of 
the Gl value of a food and its carbohy- 
drate content) has been used to repre- 
sent both the quality and quantity of the 
carbohydrates consumed. Dietary 
GL is more strongly associated with 
higher fasting triglycerider; and lower 
HDL-C levels compared vath Gl.^^ A 
strong positive association l^etween GL 
and risk of CHD was obsej-ved among 
75521 women during 10 years of fol- 
low-up.^ The increased risk was more 
pronounced among overweight and 
obese women, consistent with meta- 



bolic studies that the adverse effects of 
a high GL diet are exacerbated by un- 
derlying insulin resistance.^" Thus, car- 
bohydrate-containing foods should not 
be judged simply by their Gl values; the 
amount of carbohydrates, fiber, and 
other nutrients are also important. 

Another way to classify dietary car- 
bohydrates is to subdivide cereal 
grains — staple foods in most societies — 
into whole and refmed grains. Most ce- 
real grains are highly processed before 
they are consumed. Refined grain prod- 
ucts contain more starch but substan- 
tially lower amounts of dietary fiber, es- 
sential fatty acids, and phytochemicab, 
although these products are typically 
enriched with some vitamins and min- 
erals. In several epidemiologic stud- 
ies, higher consumption of whole grains 
was associated with lower risk of CHD. 
Also, prospective cohort studies have 
consistently found an inverse associa- 
tion between fiber intake and risk of 
CHD.*^ Several studies have found a 
stronger association for cereal fiber than 
for fruit or vegetable fiber.^*^* The in- 
verse association for fiber observed in 
epidemiologic studies cannot be fully 
explained by its cholesterol-lowering ef- 
fects; the low Gl of foods with a high 
level of fiber and numerous micronu- 
trients in whole grains may also con- 
tribute to the benefits.®' 

FOLATE 

Much evidence suggests that adequate 
folate consumption is important for the 
prevention of CHD. Epidemiologic 
studies have found an inverse associa- 
tion between folate intake measured by 
dietary questionnaire or serum folate 
level and risk of CUD,^^^ which is 
likely to be mediated through homo- 
cysteine-lowering effects of folic acid. 
Two randomized placebo-controlled tri- 
als evaluated effects of folic acid supple- 
mentation on the development and pro- 
gression of atherosclerosis. Vermeulen 
etal"' found that supplementation with 
folic acid and vitamin Bg for 2 years sig- 
nificantly decreased subclinical athero- 
sclerosis indicated by abnormal exer- 
cise electrocardiography tests among 
siblings of patients with existing car- 



diovascular disease. In the Swiss Heart 
Study, treatment with a combination 
of folic acid and vitamins 6^ and B12 
significantly decreased restenosis 
and revascularization after coronary an- 
gioplasty at 6 months" and a com- 
bined cardiovascular end point at 11 
months.^ Ongoing clinical trials should 
provide more definitive data on the role 
of folic add supplementation in CHD 
prevention, but the interprctadon of the 
findings from trials conducted in the 
United States could be complicated by 
the fortification of flour with folic acld^ 

SPEOFIC FOODS 

AND DIETARY PATTERNS 

The relationship between consump- 
tion of specific foods or overall dietary 
patterns and risk of CHD has been ex- 
amined in recent smdies. Such analy- 
ses are valuable in evaluating addi- 
tional diet-heart hypotheses and in 
making practical dietary recommenda- 
tions. For example, replacement of red 
meat with chicken and fish has been as- 
sociated with reduced risk of CHD." An 
inverse association between nut con- 
sumption and risk of CHD has been 
seen consistendy in prospective stud- 
ies.*^*^* (FlGUHE 4), which further un- 
derscores the importance of distin- 
guishing different types of fat. Although 
nuts are high in fat and, thus, rou- 
tinely proscribed in dietary recommen- 
dations, the predominant types of fat 
in nuts are monounsaiurated and poly- 
unsaturated, which lower LDL-C 
level.'" 

Although beneficial effects of fruits 
and vegetables are widely assumed, oidy 
in recent years has solid epidemio- 
logic evidence begun to emerge*°''*^'° 
(Figure 4). In the largest study, includ- 
ing 84251 women and 42 148 men,^**^ 
Joshipura et al reported a significant in- 
verse association between consump- 
tion of fruits and vegetables, particu- 
larly green leafy vegetables and vitamin 
C-rich fruits and vegetables, and risk 
of CHD. Increased consumption of po- 
tatoes, however, was not associated with 
benefits. In several prospective stud- 
ies, a higher consumption of whole 
grains as opposed to refined grains was 
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Hgure 4. Ptx>spectlve Cohort Studies of 
Cardiovascular Disease and Cons jmption of 
Nuts, Frutts and Vegetables, or Vi^ole Grains 



NutB 

Brawn «lBl"* 

FVaeer and Shavfik"r 
Ffaser et af°" 



FruHs ana Vegetables 
BazienoBl eP** 

Joshipura Bfl al'" 

Qazianoel al"» 
Gillrran et aT*" 
Knew et ar<a* 

Whole Grains 
Uu At al"^ 
Liu et al"? 
Jac»ba el al^^* 
Frasarel bI"* 



0,6 1.0 



—I 
1.2 



Relative risks (RRs) and 95% confidefw e inteivals (CH) 
were derived from the comparison or the tnddence 
rates between the highest* and tDwest-consumption 
groups (qui rrtilcs. quartiles, orspedfk Intake catego- 
ries) and were adjusted for nondietary and/or dietary 
covarlates. In each category, studies ajie shown in the 
order of most recent to least recent |:ublicat)on, As* 
terisk Indicates confidence intervals were not pub- 
lished in the orlgEnal article. 



associated with a lower risl: of cardio- 
vascular disease (Figure 4).**-"*-"^ 

Recently, several studies have re- 
ported the role of overall dietary pat- 
terns in predicting long-term risk of 
CHD-'*'' In these analyses, a "pru- 
dent" pattern characterized by higher 
intakes of fruits, vegetabl&i, legumes, 
whole grains, poultry, and fish was as- 
sociated witix lower risk of CHD, 
whereas a "Western" pattern charac- 
terized by higher intakes of red and pro- 
cessed meats, sweets and diisserts, po- 
tatoes, french fries, and refined grains 
was associated with a higher risk, in- 
dependent of lifestyle factors."' "* 

Two randomized trials tested the 
whole-diet approach in secondary pre- 
vention of CHD (Table). In the Indian 
Heart Study, a semi vegetarian diet en- 



riched with fruits, vegetables, whole 
grains, and nuts reduced coronary death 
by 41% and nonfatal MI by 38%. In the 
Lyon Diet Heart Study a Mediter- 
ranean diet enriched with ALA re- 
duced CHD death by more than 70%. 
These findings, together with the 
results from prospective cohort stud- 
ies and the Dietary Approaches to Stop 
Hypertension ttials."^"' support the 
clinical utility of a whole-diet ap- 
proach in the prevention of cardiovas- 
cular disease. 

COMBINED EFFECTS 
OF DIET AND LIFESTYLE 

The combination of multiple dietary fac- 
tors is more powerful than a single fac- 
tor alone. In the Nurses* Health Study 
cohort, a diet high in cereal fiber, ma- 
rine omega-3 fatty acids, and folate and 
low in troni-fat and GL, with a high ra- 
tio of polyunsaturated £at to saturated 
fat, strongly predicted decreased risk of 
CHD (relative risk comparing highest 
with lowest quintiles of the composite 
score=0.4O; 95% confidence interval, 
0.31-0.53).'"* Also, improvement in 
these dietary factors explained much of 
the decline in the incidence of CHD dur- 
ing 14 years of follow-up of the co- 
hort.^^» 

Besides diet, several other behav- 
ioral factors strongly influence CHD 
risk. Analyses from tie Nurses' Health 
Study estimated that 82% of CHD 
events in the study cohort could be po- 
tentially prevented by moderate diet and 
lifestyle modifications.'^ Among non- 
smokers, 74% of coronary events might 
have been prevented by eating a healthy 
diet, maintaining a healthy body weight, 
exercising regularly for half an hour or 
more daily, and consuming a moder- 
ate amount of alcohol (^5 g/d). 

Results from several multifactorial 
primary prevention trials using diet and 
lifestyle intervention have been largely 
unimpressive, probably because of poor 
compliance and inadequate power.*^^ 
The Oslo Heart Study, however, dem- 
onstrated that stopping smoking and in- 
creasing the ratio of polyunsaturated to 
saturated fats in the diet reduced CHD 
incidence by 47% among men with 



higher- than-average serum choles- 
terol levels.'^ In the Lifestyle Heart 
Study, '^'* a combination of an ex- 
tremely low-fat diet, exercise, stress 
management, and yoga significantly re- 
duced progression of atherosclerosis, 
but the tow-fat regimen is unnecessar- 
ily rigid and difEicnlt for most people 
to follow. 

AREAS OF UNCERTAINTY 

The optimal amounts of monounsatu^ 
rated and polyunsaturated fats in the 
diet are still unclear. Intake of linoleic 
acid is usually recommended not to ex- 
ceed 10% of energy, in part because of 
little long-term human experience with 
such diets, although benefits from 
higher intake exist for blood lipids. 
There has been some concern that a 
high-polyunsaturated-fat diet may in- 
crease cancer risk, but this has not b^en 
substantiated in large epidemiologic 
studies.'" 

The optimal balance between 
omega-3 and omega-6 polyunsatu- 
rated fatty acids also remains un- 
settled. Some have proposed reducing 
the consumption of linoleic acid to 
achieve a greater ratio of omega-3 to 
omega-6 fatty acids in the diet.*^®-*" 
However, there is Uttlc evidence that a 
higher ratio predicts a lower risk of 
CHD.'^^ Both omega-3 and omega-6 
fatty acids have important roles in re- 
ducing CHD risk, probably through dif- 
ferent mechanisms. Thtis, a good strat- 
egy is to substantially increase intake 
of omega-3 fatty acids from fish and 
plant sources (because intake for many 
people is clearly suboptimal) without 
decreasing intake of linoleic acid. This 
will improve the ratio and maximize the 
cardioprotective benefits of both 
omega-3 and omega-6 fatty acids. 

The amount and type of protein in the 
diet is a matter of debate. Substitution 
of soy for animal protein reduces LDL- 
C,^^ and substituting animal protein for 
carbohydrates raises HDL-C and low- 
ers triglyceride levels.^'" Consistent with 
the metabolic studies, a prospective co- 
hort study found that a moderately high 
protein intake (24% vs 15% of energy 
from protein) was associated with a sig- 
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nificantly lower risk of CHi:> after ad- 
justment for cardiovascular risk fac- 
tors and dietary Eat iniake.*-^ To avoid 
an increase in saturated fat intake, the 
major source of protein in the diet 
should come from nuts, soybeans, le- 
gumes, poultry, and fish. 

The role of phytochemiciids and an- 
tioxidants in the prevention, of CHD is 
promising but unsettled. The choles- 
terol-lowering effects of plant sterol or 
stand (saturated sterols) have been well 
documented in clinical trials^" and 
commercial products made of these 
compounds are widely available, but 
their long-term effects remain to be 
seen. Six prospective cohort studies 
have evaluated the association be- 
tween flavonoid intake and risk of CHD. 
A significant inverse association was ob- 
served in some studies'^*^^ but m>i oth- 
137.133 Although a body of experi- 
mental evidence has demonstrated the 
role of antioxidant vitamins in reduc- 
ing oxidative stress and subr.tantial epi- 
demiologic evidence has linked intake 
of vitamin E with a lower CHD risk, re- 
sults from published clinical trials of vi- 
tamin E supplements, primarily among 
patients with clinical CHD, have been 
largely disappointing.^''-^*' Coigoing pri- 
mary prevention trials should provide 
more insights. 

Finally, a large and inconclusive lit- 
erature has examined the relationship 
between dietary minerals such as cal- 
cium, magnesium, zinc, and selenium 
and risk of CHD.*' Most studies have 
been based on ecological correlations 
or case-control analyses. Additional 
large prospective studies or random- 
ized trials with clinical end points are 
required to resolve the role of indi- 
vidual minerals from diet or supple- 
ments. 

CONCLUSIONS 

Compelling evidence from metabolic 
studies, epidemiologic investigations, 
and chnical trials in the past several de- 
cades converges to indicate that at least 
3 dietary strategies are effective in pre- 
venting CHD: substitute unsaturated 
fats (especially polyunsaturated fat) for 
saturated and trcins-fats; increase con- 



sumption of omega-3 fatty acids from 
fish oil or plant sources; and consume 
a diet high in fruits, vegetables, nuts, 
and whole grains and low in refined 
grains. A combination of these ap- 
proaches can confer greater benefits 
than a single approach. However, sim- 
ply lowering the percentage of energy 
from total fat in the diet is unlikely to 
miprove Upid profile or reduce CHD in- 
cidence. 

Obesity is an important avenue by 
which diet can influence risk of CHD. 
However, the relationship between diet, 
especially dietary fat, and obesity re- 
mains controversial. Although reduc- 
tion in percentage of calories from 
dietary fat intake is commonly recom- 
mended for weight loss, long-term clini- 
cal trials have provided no good evi- 
dence that reducing dietary fat per se 
can lead to weight loss.**^ "^ There is a 
growing consensus that excess calo- 
ries, whether from carbohydrates or fat, 
will induce weight gain. A mildly hy- 
pocaloric moderate-fat diet, which al- 
lows for a great variety in choosing 
foods, can have better long-term com- 
phance than a typical low-fat diet."^ 
Small short-term studies have sug- 
gested roles of several diets in weight 
control, including a low-Gl dlei,'"*^ a 
high-protein diet,^^^-*^ and a diet high 
in dairy products, but larger and long- 
term studies are needed. 

Although prevailing dietary guide- 
lines emphasize target intake of spe- 
cific macronutrients (eg, not exceed- 
ing 30% of energy from fat),'* such 
numerical criteria are not based on solid 
scientific evidence, and the public finds 
it difficult to make dietary changes 
based on such criteria. A variety of op- 
Uons exist for designing attractive and 
heart-healthy diets, with varying 
amounts of fat and carbohydrates, as 
long as the diet embraces healthy types 
of fat and carbohydrates and provides 
an appropriate balance in energy In- 
take and expenditure. Evidence is now 
clear that diets including nonhydroge- 
nated unsaturated fats as the predomi- 
nant form of dietary fat, whole grains 
as the main form of carbohydrate, an 
abundance of fruits and vegetables, and 



adequate omega-3 fatty acids can offer 
significant protection against CHD. 
Such diets, together with regular physi- 
cal activity, avoidance of smoking, and 
maintaining a healthy weight, may pre- 
vent the majority of cardiovascular dis- 
ease in Western populations. 
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To spend too much time in studies is sloth; to use 
them too much for ornament, is affectation; to make 
judgment wholly by their rules, is the humour of a 
scholar. . . . Read not to contradict and confute; nor 
to believe and take for granted; nor to find talk and 
discourse; but to weigh and consider. Some books are 
to be tasted, others to be swallowed, and some few to 
be chewed and digested. . . . Reading maketh a full 
man; conference a ready tnan; and writing an exact 
man. . . . Histories make men wise; poets witty; the 
mathematics subtile; natural philosophy deep; moral 
grave; logic and rhetoric able to contend. 
— ^Francis Bacon (1561-1626) 
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High-Fat Diet-Induced Hyperglycemia and Obesity in Mice: Ditferential Effects 

of Dietary Oils 

Shinji Ikemoto, Mayumi Takahashi, Nobuyo Tsunoda, Kayo Maruyama, Hrroshige Itakura, and Osamu Ezaki 

Mice fed a high-fat diet develop hyperglycemia ahd obesity. Using non-insuMn-dapendent diabetes mellvtus (IMIDDM) model 
mice, we Investigated the effe4:ts of seven different dietary oils on glucose metabolism: palm oil, which contains mainly 45% 
palmfttc acid (16:0) and 40% oMc acid (18:1); lard oil; 24% palmitic and 44% oleic acid; rapessed oil, 59% oleic and 20% linoleic 
acid (18:2); soybean oil, 24% oleic and 54% llnoie(c acid; safflower oil, 76% Ibioleic acid; perllla oil. 58% «-l]nolenfe acid; and 
tuna fish oil, 7% eicosapentaenoic acid and 23% docosahexaenoic acid. C57BL/6J mice received each as a high^t diet (60% of 
total calories) for 19 weeks (n = 6 to 11 per group). After 19 weeks of feeding, body weight Induced by the diets was In the 
following order: soybean > palm 2 lard & rapeseed & safHdwer £ perllla > fish oil. Glucose levels 30 minutes after a glucose 
toad were highest for safflower oil (a 21.5 mmol/L), modest for rapeseed oil, soybean oil, and lard (a 17.6 mmol/L), mild for 
perllla, fish, and palm oil (a 13.8 mmol/L), and minimal for high*carbohydrato meals (« 10.4 mmol/L). Only palm olMed mice 
showed fasting hyperinsulinemia iP < .001); By stepwise multiple regression analysis, body weight (or white adipose tissue 
[WAT] weight) and intake of linoleic add (or n-3/n-6 ratio) ware chosen as independent variables to affect glucose tolerance. By 
unhrariate analysis, the Unoleids add Intake had a positive correlation with blood ghicose level (r s .83, P s .02) but not with 
obesity {r " .46, P = .30). Theso data indicate that (1) fasting blood insulin levels vary amor>g fat subtypes, end a higher fasting 
blood Insulin level in palm oil-fed mice may explain their better glycamlc control Irrespective of their marked obesity; (2) a 
favorable glucose.reaponse induced by fish oil feecGng may be mediated by a decrease of body weight: and |3) obesity and a 
higher intake of linoleic acjd ana Independent risk factors for dysregulatlon of glucose tolerance. 
Copyngbt O f996 by WM, Saunders Company 
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r' IS WIDELY ACCEPTED that non-insulin-depen- 
dent diabetes meUitus (N3DDM) is caused by a combi- 
nation of genetic and envirotimental factors, notably diet 
and level of physical activity.^ Among the environmental 
factors, the high-fat content of the typical Western diet is 
considered a major cause i>f obesity-assodated insulin 
resistance.'^ £pideniiological^>^ and animal^ studies made 
on several environmental faci:ors suggest that the high fat 
content of the typical Western diet is a major cause of 
obesity and insulin resistance:. Indeed, various metabolic 
studies have confirmed the view that calories obtained from 
fat have a greater effect on obesity than energy per se.^*^ 
Among several dietary oils, monounsaturated oil^*^'^ and fish 
oil" have been proposed as favorable diets for NIDDM 
patients. In rats made insulin- resistant with a high-fat diet, 
the resistance can be prevente d by the addition of fish oil,^ 
with improvement of insulin iresistance and, incorporation 
of highly unsaturated long-diain n-3 fatty acids into the 
phospholipid component of muscle tissues.^^ Borkman et 
aP^ have shown that in patients with coronary artery 
disease, fasting serum insulin concentration (a marker of 
insulin resistance) is correlated positively with the percent- 
age of 18:2 (linoleic acid) in the phospholipid fraction of 
muscle, but negatively with ind [vidua] long-chain polyunsatu- 
rated fatty acids such as 20:4 (arachidonic acid), 22:4 (n-6), 
22:5 (n-6), and 22:5 (n-3). Ho^vever, clinical trials using fish 
oil supplements failed to show a marked improvement in 
glucose control.^^" These data indicate that there are some 
discrepancies between the inrulin resistance at tissue level 
and the actual blood glucose level. The importance of fatty 
acid composition of dietary oils seems evident, but it has 
been difficult to select favorsible oils from human studies 

(because of the difficulty involved in long-term study of 
dietary oil intake. Indeed, we do not know whether a higher 
intake of linoleic add or a lower intake offish oil (or n-3) is 
responsible for the development of insulin resistance. 
Feeding a high-fat diet in certain strains of mice provides 



a suitable model of NIDDM^^-^o and atherosclerosis.^^ The 
present studies were designed to clarify the differences in 
the effects of long-term feeding of commercially available 
dietary oils on glucose metabolism and obesity using this 
NIDDM mouse model. In comparison with high-carbohy- 
drate feeding, the effects of seven dietary oils were investi- 
gated: palm oil, which contains mainly 45% palmitic acid 
(16:0) and 40% oleic add (18:1); lard oil, 24% palmitic and 
44% oleic acid; rapeseed oil, 59% oleic and 20% linoleic 
acid (18:2); soybe^m oil, 24% oleic and 54% linoleic acid; 
safilower oil, 76% linoleic add; perilla oil, 5S% a-linolenic 
acid; and tuna fish oil, 7% eicosapentaenoic add and 23% 
docosahexaenoic add. 

MATERIALS AND METHODS 

Animals 

C57BL/6J female mice were obtained, from Tolcyo Laboratoiy 
Animals .Science (To)90, Japan) at 7 weeks of age and fed a 
high-carbohydrate diet (Table 1) for 1 week to acoonnnodate to a 
new environment. The mice were maintained at a constant tempera- 
ture of with a fixed artificial Ug^t cycle (12 hours light and 12 
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Tabl. 1. Composition of the High C.rbohydnrt. Diet and 



Component 


Hlgh-CarbcihydrBie 
(%) 


High-Fat 
1%) 


0» 

Casein 
Sucrose 
a' Starch 
Vitamin mix 
Mineral mix 
CeHulose powder 
DL-Methionirto 


4.1) 
23.7 
10.0 
5O.0 

1.0 

7.0 

4-0 • 
0.4 


32.0 
33.1 
17.6 

1.4 
9.8 

5,6 
D.5 


Eriargy (kcaWIOOgl 


343.4 


489.8 


Fat energy 
Iccal/IOOg 

% 


36.a 
10.7 


294.7 
60.2 



hours dark). The mice were alleged free access to either a 
high-carbohydrate diet or various high-fat diets. 

DUl 

Tl,ecomposidonofthebigh-carb3hydra.edietandhigb^fet^^^^ 

is shown in Tabte 1. Fatty acid compos»tK)n8 of d'e'^V 
meZ^^ gas-liquid chromtogiiphy and are shownmTable2_ 
?i SS^ WEh^Sbohydrate diet, saffiower oil was used as source of 
fat Eve?2l^d=fidgredicnts for the purified diets were m»ed 
£™ Jtato I tou^h with water. n.Ued into peUets. wrapped witt. 
pl^C and ^ at -20-C ur.tii use to -^aJ, 
These smiUl peUets were given to mice even^ ^'^Z^^^^Z 
trials ^re conducted, and the composmon f t*^" ''"J 
a*u8ted so that the daily intake of calories and the amount of 
dSS^c^mio^nts except fat and carbohydrate were neariy 
SSrSeta, sucrose, starch, vitamm "'•""fL'^! 

«d S!uloU powder were P"«*-f /""L^So^S 
/T„iur. lananV Data oU and so'rtjean oil from FUji Oil (Osaica, 
SS- S «1 frTsno* Brand Milk Products CTokyo. Japan); 

S^i on hL Yonezawa Oil (Sf ""VTL^S^oS 
from BemTjana Food (Tokyo. Japan ; perflla oil from Ohta OU 
frhHS; feb^iWron, NOP (Tokyo. Japan); and 

Dt-methionine from Sigma (St Louis, MO). 



Ejq^rimental Procedures 

Mice were divided into eight grpups. THe S""? 

blood samples were obtained by snippmg . .^^-j^^jf 

weight and GUJT4 protein level, respectively. 
Food Intake Measurements 

14 weftks of feeding, mice that had been Kcpi m yu^ 
box tvL iSi with paper chips (Alpha Dri; Shepherd SpeoaMy 
pSTi^^C MI) were'^ansfeaed to shoe box .«ges w. * 

l^littoms. Beneath .he wire. "^^■^P^'^r'theTaper 
«ll=ct food spillage. After removing feces on the paper, tooa 

mi^t was made every day for 5 days. a»d '^^^^^^^'^^^ 

r»:LTTtr J'^'^oJ t^^^^^^ of daily intake, but not 
from that of the individual mouse. 

Oral Glucose Tolerance Test 

Eighteen weeks after feeding the experimental diets, D-gloeose 
(1 mSe^ weight) was administered after an ovem^bt ft«t.by 
S nS^. BlLd samples were obtained by snipping the .ail 



Table 2. Fatty Acid e«mDO» ltlon 1%) ot th. Dietary OII» 

SafBower 



Palm 



Rapsseod 



Soytean 



12:0 
14:0 
16;0 
16:1 
18:0 
18:1 

18:2 (n-6> 
18:3 (n-3) 
20:4 (n-6) 
20:5 (rv3) 
22:6 (n-3> 
Others 



0.4 
1.1 
44.5 
0.2 
4.2 
39.5 
9.2 
0.2 



1.7 
24.0 
2.6 
14.4 
43.9 
9.1 
0.7 
0.1 



3.8 
0.2 
1.7 
59.4 
20.2 
7.1 



9.9 

4.1 
23.6 
53.7 

7.1 



6.8 

2.5 
13.8 
75.7 

0.2 



Porltia 



6.1 

1.7 
1B.4 
14.3 
58.3 



Fnh 

3.0 
18.2 
4.2 
4.9 
18.8. 
1.3 
0.8 
2.0 
6.8 
22.E 
17.2 




S:M:P ratio 
fv6/n-3 ratio 
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Table 3. Food Intake, Final Body Weight, Body Weight Gain, Parametrlal WAT Weight, and Fasting Insulin, Triglyceride, and Cholesterol Levels 



m 



pi 



I 



High- 
Carbohydrate 



High-Fet 



F'alm 
(r. - 6) 



Urd' 
tn-B) 



(n-6) 



Soybean 
tn-fi) 



Safflower 
(n = 9) 



Pofitta 
(n > &-BI 



Fifth 
(n-7) 



ANOVA 



Food intake 7.3 ± 0.5 7.6 ± 0.5 9.1 ± 0.2 7.1 ± 0.3 . 8.1 ;t 0.3 8.6 ± 0.8 6.4 x 0.4 9.8 ± 0.4t F(7,44) « 2.9 

(kcal/mouso/d) .013 

Final body 26.8 ± 0.9 40.:: ± 2.21: 40.2 + 2.4* 38.8 + 1.4* 45.5 ± 2.7* 38.2 + 2.1* 33.4 ± 2.8* 25.9+1,7 F(7,50) - 12.8 

weight (g) . P < .0001 

Body weight 9.5 + 0,8 23.0 + 1.9* 23.1 + 2.3* 21.6 + 1.5* 28.3 ± 2.9* 20.9 + 2,0* 16.3 ± 2.5* 9.0 ±1.5 F(7.50) = 13.9 

gain(g) /> < .0001 

WATwelghtfg) 0.84 + 0.10 2.47 ± 0.20* 2.73 a: 0.26* 3.03 ± 0.25* 4.14 ± 0.43* 2.52 ± 0.21* 1.95 ± 0.40t 0.91 i 0.22 F17,50) = 20.4 

P < .0001 

Insulin (pmol/L) 84.8 ± 17.9 24S.C + 51.5* 93.6 + 10.3 112.9 ± 27.5 87.2 ± 17.6 107.1 ± 16.5 112.9 ± 22.5 43.1 ± 4.0 F(7,5t) ^ 2.7 

P « .020 

Triglyceride 71.0 ± 6.8 67.e ± 1 1.5 51.9 ± 3.3* 40.5 ± 7.2* 42.1 ± 2.2t 35.1 ± 3.7* 41.6 + 4.9* 35,9 + 4.1* F(7,51) = 6.0 

(mg/dL) P < -0001 

TotBl cholesterol 77.5 ± 3.3 98.EI ± 4.1* 92.8 ± 2.2* 68.6 + 2.5 • 74.0 ± 3.5 75.0 ± 3.1 70.4 ± 3.5 73.2 ± 2.7 FaSI) = 9-6 

(mg/dL) P < 0001 

NOTE. Results are the mean ± SE of individual mean values obtained in each of 5 to 11 mice. Food Intakes were measured for 5 days and are 
expressed as the mean + SE Intake pur day. 
*P < .05, tP < .Q^,tP < .001 : high-carbohydrate v other groups by Fisher's protected least-significant drfferonce tesL 



before and at 30. 60, and 120 minutes after glucose administration. 
Blood glucose levels were measured using a TIDEX glucose 
analyzer (Sankyo, Tokyo, Japan). 

ImrmmoblotHng 

Crude membrane fractions from skeletal muscle (gastrocne- 
mius) were prepared as described previously.^ Proteins separated 
by sodium dodecyl sulfate-polyacryiamide gel electrophoresis were 
electrophoretically transferred to Immobilon (NfiUipore, Bedford, 
MA) and immunoblotted with antibodies directed against the 
C-terminal amino acid sequence of GLUT4 and then ^I-labeled 
protein A (ICN, Costa Mesa, CA) as described previously.*^ The 
amount of protein used per gel lime was 60 p.g. The amount of 
GLUT4 was quantified with an image analyzer (HAS 2000; Fuji 
Film, Tokyo, Japan). 

Other Anafyses and Methods 

Immunoreactive insulin level wris measured by radioimmunoas- 
say (RIA) using a rat insulin RLV kit (Incstar, Stillwater, MM). 
Trig^rceride and total cholesterol levels were measured by en^me 
assays, determiner LTG and TC5.'i5, respectively (Kyowa Medics, 
Tokyo, Japan). Protein was assayed using the Micro BCA Protein 
Assay Reagent Kit (Pierce, RockfcTd, IL). 

Statistical Anafysis 

Statistical comparisons of the {i^roups were made by ANOVA, 
and each group was compared with the others by Fisher's protected 
least-significant difference test (Statview 4.0, Abacus Concepts, 
Berkeley, CA). The glucose tolei*ance curve of each group was 
compared by repeated-measures .tiVNOVA (Super ANOVA; Aba- 
cus Concepts). Relations between variables were analyzed by a 
simple correlation and a stepwise multiple regression model 
(Statview 4.0; Abacus Concepts). Statistical significance is defined 
asPless than .OS; values are the mean ± SE. 

RESULTS 

After 19 weeks* feeding, body weight obtained with the 
diets was in the foilowixtg ord€:r: soybean oil > palm oil ^ 
lard oil ^ rapeseed oil ^ stifflowcr oil > perilla oil > 
high-carbohydrate diet ^ fish oil (Table 3). Mice fed a 



high-soybean oil diet showed a 70% increase m body 
weight compared with mice fed a high-carbohydrate diet. 
Parallel to the body weight change, the wet weight of 
parametrial WAT was in order of soybean oil > rapeseed 
oil ^ lard oil ^ safflower oil 2: palm oil > perilla oil > fish 
oil 2: high-carbohydrate diet (Table 3). Indeed, the correla- 
tion between body weight and WAT weight was high 
(r = .95, P < .0001, n = 58). It should be noted that mice 
were allowed free access to food. Since the intake of 
high-fat diet mice was less than that of high-carbohydrate 
diet mice, the total calorie intake of both groups became 
nearly identical. However, the energy intake for fish oil was 
significantly higher than for carbohydrate or pahn, rape- 
seed, and perilla oils, but the level for perilla oil was less 
than for lard or safflower and , fish oils (Table 3). Other 
values were not significant. 

After 3 weeks' feedmg, all high-fat diets resulted in 
significant increase of blood glucose levels 30, 60» and 120 
minutes after an oral glucose challenge compared with the 
high-carbohydrate diet (Fig 1). However, after 18 weeks of 
feeding, each dietary oil showed a different response to the 
glucose challenge. Glucose levels 30 minutes after the 
glucose load were highest for safflower oil ( s 2U mraol /L), 
modest for rapeseed oil, soybean oil, and lard (^17.6 
mmoi/L), mild for perilla oil. fish oil, and palm ofl (s 13.8 
mmol/L), and minimal for a high-carbohydrate diet ( a 10.4 
mmol/L). Significance was established by repeated-mea- 
sures ANOVA (P < .001, carbohydrate v lard oil, rapeseed 
oil, and saflaower oil; P < .01. carbohydrate v soybean oil; 
P < .01, safflower oil v fish oil and palm oil; P < .05, 
carbohydrate v perilla oil and fish oil; and P < .05, safflow- 
eroil V lard and perilla oil). In these oral glucose tolerance 
tests, obese mice received a higher amount of glucose than 
lean mice, since the amount of glucose gjven orally was 
determined on a body-weight basis. However, the contribu- 
tion of different amounts of glucose to the glucose tolerance 
curve in each group of mice was minimal, since in the 
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Fig 1 Oral glucose tolerance tests. Each date point refiresants the mean of 3 to 7 mice at 3 weeks and 4 to J® ^^'f^^ J^*"^ 
feX:A.M1.c«l>ohydr«tevpei,.oHJard OH, rapeeeadoa soybean 

18 weeks of feecrii»9,/' < -001. carbohydrate v lard oil, rapeseed oil end safflower oil; P < .01, carbohydrate y eoybaan olUP < .01, safflowi 
fish oil and palm oil; P < .06, carbohydrate v perilla oO and fish oil; P < .05, safflower oil v Ian* oil and perllla oU. 



high-carbohydrate diet 20%, 40%, 60%, and 80% increases 
of the glucose load resulted in only 12%, -8%, 12%, and 
23% increases of blood glucose levels 50 minutes after an 
oral glucose challenge, which was not significant (n = 3). 

In comparison to the high-carbohydrate diet (85 pmol/ 
L), fasting blood insulin aignificiiintly increased by threefold 
with the palm oil diet (245 pmol /L, P < .001), but the other 
values were not significant (Table 3). Fasdng triglyceride 
and cholesterol levels changed reciprocally (Table 3). Thus, 
in comparison to the high-carbohydrate diet (71 mg/dL), 
triglyceride levels decreased with lard (52 mg/dL, P < .05) 
and rapeseed oil (41 mg/dL, F < .001), soybean oil (42 
mg/dL, P < .01), safflower oil (35 mg/dL, P < .001), per- 
illa oil (42 mg/dL, P < .001)., and fish oil (36 mg/dL. 
P < .001) diets, whereas total cholesterol levels increased 
with palm oil (97 mg/dL, P < .001) and lard (93 mg/dL, 
P < .001) diets compared with the high-carbohydrate diet 
(78 mg/dL). These findings aie in good agreement with 
previous reports that most of thu dietary vegetable oils were 
hypotriglyceridemic and dietary animal oils containing 
saturated fatty acids were hypcrcholesterolemic.^*** It has 
also been reported that in comparison to a hi£^-fat diet, a 
high-carbohydrate diet causes h]/pcrtriglyceridemia by eleva- 
tion of very-low-density lipoprcttein cholesterol levels.^ 

Because of interactions betveen the final body weight 
and fatty acid composition, stepwise multiple regression 
analysis was used to determine the independent predictors 
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of glycemic control. The sura of glucose levels after glucose 
challenge (Sglucose) was used as a marker of glycemic 
control. The actual intake of fatty acids from each group 
was calculated from the mean food intakes (Table 3) and 
used in this analysis. The n-3 fatty add (18:3, 20:5, and 22:6) 
intake, n-6 (18:2 and 20:4)/n-3 ratio, polyunsaturated to 
saturated fatty add ratio, final body weight, WAT weight, 
and fasting insulin, triglyceride, and cholesterol levels were 
also included in this regression mode). Table 4 shows the 
partial correlation coefficients relating these variables to 
2glucose. (A higher F value indicates a higher contribution 
to Sglucose.) When all variables were analyzed together, 
positive relations were found between Sglucose and WAT 
weight. Sglucose and final body weight, and 2gluoose and 
intake of linoleic acid. Negative relations were found 
between Sglucose and mtake of palmitic acid, and Xglucose 
and n-3 fatty adds. When WAT weight was chosen as the 
first independent variable, the correlation with final body 
weight and with n-3 fatty acid intake disappeared, but the 
correlation with linoleic and palmitic add still remained. 
Interestingly, the n-6/n-3 ratio appeared as the second 
largest independent variable. When both WAT and n-6/n-3 
ratio were chosen as independent variables, the correlation 
with intake of linoleic or palmitic acid disappeared com- 
pletely. Two independent variables, WAT weight and 
n-6/n-3 ratio, were found to explain 42% of Xglucose 
variadons (data not shown). 
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Table 4. St&pwise Multiple Regression Analysis 
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#1 



(At Not 



tB) Adjusted 



(C) Adjustsd 
for n-6/nO 





Adjusted 


for WAT 


□ndWAT 


Variable 




F 


r 


F 


r 


F 


16:0 (pal rnltic) 


-.37 


5.5 


-.33 


4.0 


-.22 


1.6 


18:0 (stearic) 


-.02 


0.01 


-,03 


0.03 


.10 


0.35 


16:1 (olaic) 


-.08 


0.20 


-.14 


0.62 


.02 


0.01 


18:2(linoleic) 


.42 


7.3 


.32 


3.8 


-.12 


0.43 


18:3 (linotenic] 


-.06 


0.11 


-.10 


0.33 


-.01 


O.OO 


n-a 


-.36 


5.2 


-.06 


0.12 


,18 


1.1 


rv6/n-3 ratio 


.31 


3,7 


.40 


6.5 


NA 


NA 


P/S ratio 


.28 


2,9 


.27 


2.6 


.05 


0.09 


Bocfy weight 


.46 


9.3 


-.16 


0.91 


-.16 


0,86 


WAT weight 


.55 


15 


NA 


NA 


NA 


NA 


Triglyceride 


.08 


0.22 


-.005 


0.001 


.10 


0.31 


Cholestafol 


.14 


0.64 


-.02 


0.01 


.04 


0.04 


Insulin 


.09 


0.27 


-.11 


0.40 


-.12 


0.43 



NOTE. Partial correlation coefficjcnts and F values* are shown (A) 
before and (B) after adjustnnent for the effects of WAT weight and |C) 
after adjustment for the effect of VMT weight end the n-3/n-5 ratio 
between Xglucose and many variabliss such as the major fatty acid and 
n-3 fatty add trrtakes, n-6/n-3 and pofyun saturated to saturated fat 
ratios, final body weight. WAT weight, and fasting trigtycerfde, choles- 
tsroL and insulin levels. 

Abbreviations: P/S, polyunsaturated to saturated fat ratio: NA. not 
applicable. 

*A larger F value Indicates a larger contribution to Iglucose. 



The contribution of obesHy to Xglucose was further 
investigated by univariate analysis. When individual mice 
from all groups were plotted, :£glucose was well correlated 
with body weight (Fig 2Air=.67,P< .0001, n = 47). Also, 
Sgiucose was well correlated with wet WAT weight (data 
not shown: r = .67, P < .0001, n = 47). However, there 
were large variations in body .weight increases among 
individual mice even within specific oil diet-^ed groups (Fig 
2A). For example, in lard oil-fed mice, the correlation 
between Xglucose and body weight of individual mice was 
high (data not shown: r = .85, P = .008, n - 7). To examine 
the effects of various oils and individual differences on 
obesity-induced hyperglycemia separately, the mean body 
weight of each group of mice was plotted against Xglucose. 
When analyzed as a group, there was no significant correla- 
tions between body weight and Xglucose (Fig 2B: r = .60, 
P ^ .12, n = 8). 

Since the contribution of n-3 fatty acids is minimal after 
adjustment of WAT weight (Table 4)» n-6 intake (mostly 
linoleic acid) may be responsil-le for the favorable effects of 
the n-6/n-3 ratio. Univariate analysis also supported this 
conclusion. There was a positive correlation between Xglu- 
cose and the actual intake amiDunt of linoleic acid (Fig 3A: 
r = .83, P = .02, n - 7). Howciver, there was no significant 
correlation between the mean final body weight and the 
intake amount of linoleic acid (Fig SB: r = ,46, P = .30, 
n = 7). There was no significant correlation between Xglu- 
cose and the intake amount of n-3 fatty acid (data not 
shown: r = .48, P «■ .27, n ■« 7), but there was a significant 
negative correlation between the mean body weight and the 
intake amoimt of n-3 fatty acid (data not shown: r = -.79, 



P — .04, n = 7). These data indicate that the increased 
intake of linoleic acid (or n-6/n-3) and obesity are indepen- / 
dent risk factors that lead to abnormal glucose tolerance, 
and the favorable effects of n'3 fatty add may be due to the 
decrease of body weight gain. 

The intake of palmitic acid was inversely correlated with 
Xglucose by multiple regression analysis. The possibility 
that a higher intake of palmitic acid \& better for glycemic 
control is highly unlikely, because the intake of saturated 
fatty acid has been reported to induce insulin resistance in 
humans.^ Rather, it is simply explained that because of an 
inverse correlation between the composition of palmitic 
and linoleic acids in dietary oil subtypes (Table 2), both 
variables may be chosen in multiple regression analysis. 
Also, the high n-3/n'6 ratio in the fish oil diet raises a 
possibility of linoleic add deficiency. 

To ascertain the basis for the loss of glycemic control 
caused by feeding high-fat diets, levels of GLUT4 protein m 
gastrocnemius (skeletal muscle) were assessed by Western 
blot analysis. Low-level overexpression of GLUT4 in trans- 
genic mice is known to prevent high-fat diet-induced 
hyperglycemia.^' In comparison to the high-carbohydrate 
diet, the high-fat diet subtypes resulted in a slight decrease 
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Using a euglycemic damp technique, Storlien et al^^ 
reported that replacement of only 6% of the linoleic acid 
from safflower oil with n-3 fatty acid from fish oil prevented 
the development of insulin resistance. In pur study, fish and 
periila oils that contained a higher amount of n-3 fatty acids 
showed a less diabetic glucose tolerance curve, but failed to 
appear as an independent variable. This is because n-3 fatty 
acid intake has an inverse correlation with obesity (Table 
4). It has been reported that in genetically obese ob/ob 
mice, an increase in the n-3 fat content of the diet decreases 
weight gain despite higher intake.^^ As indicated by Pan 
and Storlien,^ the lower weight gain associated with in- 
creased tissue levels of n-3 fatty acid might be explained by 
the "leaky membrane" hypothesis proposed by Else and 
Hulbert.^ This hypothesis was further supported by the 
finding that the increasing amount of membrane n-3 fatty 
acid resulted in increased proton influx in the rat liver 
mitochondria, and then resulted in energy consumption.^ 
A possible reason for the lack of change in glycemic control 
with fish oil supplements to humans may be the failure to 
reduce body weight."*" Indeed, when fish plus safflower 
oil-fed rats became obese, insulin resistance was mani- 
fested in adipocytes.^^ 

Oral glucose tolerance tests are affected by many factors, 
such as absorption rate in the intestine, insulin secretion, 
glucose uptake in muscle tissues, and glucose output from 
the liver.^8 Palm oil-fed mice might have had insulin 
resistance, but due to an increase of insuUn secretion, they 
showed less diabetic glycemic control. This may lead to a 
better glycemic control but a body weight increase. It has 
been reported that high-coconut oil-fed mice show higher 
fasting plasma insulin levels.^*^ These oils from tropical 
firuits have a higher amount of saturated acids: coconut oil 
contams mainly 45% to 50% lauric acid (12:0), and pahn oil 
is 45% palmitic acid (16:0). On the other hand, iruce fed 
lard and other vegetable oils did not show hyperinsulin- 
emia, irrespective of insulin resistance. These findings are 
in good agreement with previous reports that rats fed lard 



of GLUT4 levels, but these were not significant by ANOVA 
(Fig 4). 

DISCUSSION 

Most of the high-fat diets m comparison to the high- 
carbohydrate diet were found lx> have adverse effects on 
glucose tolerance and r.hpgity Jn h;inia|i gtndi^^ linnleiE 
acid and saturated fat and oleic add have been linked to the 
development orin^ ii^n~rfJi^Rtai™^ flPT* ^^™flyv ^^IglY 
djaease .^***^^ In this study, both o1?esity and intake of linoleic 
acid wfeire found to be independent positive variables for 
aggravation of glucose tolerance. 

Obesity (or WAT weight) was first chosen as an indepen- 
dent variable to determine the glucose tolerance. WAT 
v^eight was measured as a markctr of visceral obesity. In this 
stram of mice, Rebuffe-Scrive et al^ reported that the 
increase of visceral fat seemed to be a specific characteristic 
associated with the genetic predisposition for NIDDM. The 
contribution of visceral fat to abnormal glucose tolerance 
has been observed in mice and in humans-^'-^^ 



B 60 




Fig 4. Effect of feeding hlgh*fat oil subtypes on aLlJr4 protein in 
skel^l muscles. Results are the mean ± SE of Indhf Idual mean values 
obtained in each of4mica;F(7,24)-1.8,/*».2. 
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oil^ or safflower oil*-^'' showed hypoinsulinemia. The coco- 
nut oil- and palm oil-fed mice showed a pathological state, 
similar to that of obese hyperinsulinemic NIDDM patients 
observed in the United States.* The difference in NIDDM 
types between Americans and Japanese, most of whom are 
low insulin responders,'*^'*' may be due to a difference in 
intake of dietary oil types. 

However, with in vitro studies, fatty acids per se are 
known to stimulate insulin secretion both in isolated 
pancreatic islets*2 and in perfused pancreas preparations/^ 
Also, Opara et al'*^ reported that in isolated perfused 
murine islets, the effects oi fatty acids on insulin release 
were dependent on the fatty acid subtype, the fatty add- 
stimulated insulin secretion was strongest in 5 nunol/L 12:0 
but declined with increasing chain length, and insulin 
secretion was enhanced as the degree of unsaturation of 
fatty acids increased. The discrepancy for insulin secretion 
between in vitro studies and our in vivo study may be 
explained by the fact that wil:h the in vitro studies, the acute 
effects of lipid or free-fatty acid administration on insulin 
secretion were examined, whereas in our studies the chronic 
effects were examined. Indeed, Sako and GrilH' reported 
that hyperlipidemia was asscciated with short-term stimula- 
tion but long-term inhibition of glucose-induced insulin 
s«fcretion. 

Although linoleic acid is an independent variable, lin- 
voleic acid-induced obesity also contributed to the glucose 
^intolerance. It is clear by stepwise, regression analysis that F 
values for linoleic acid decreased from 7,3 to 3.8 even after 
consideration of obesity. However, it has not been ruled out 
that other substances included in these oils but not mea- 
sured in this study, such as trans-fatty acids,^^ have predomi- 
nant effects on glucose tolerance. 
Assuming that higher intakes of most dietary oils result in 



abnormal glucose tolerance, how are the effects inter- 
preted? Euglycemic clamp studies indicated that rats fed 
linoleic acid-rich oils showed insiUin resistance in skeletal 
muscles and liver:* The mechanisms of high-fat-induced 
insulin resistance are not clear at present. A decreased 
GLIJT4 intrinsic activity, decreased translocation of 
GLUT4, or decreased signaling from the insulin receptor to 
GLUT4-containing vesicles might be involved. However, it 
has not been ruled out that a small decrease in GLUT4 by 
high-fat feeding, which was not significant in this study, 
might be responsible for the changes in glucose uptake 
observed with the dietary manipulation. Another reason is 
that most of the vegetable oils are not hyperinsulin- 
emic*'^'^^ (Table 3). Kim et al^' proposed that decreased of 
GLUT2 and glucokinase mRNA in pancreatic p cells are 
responsible for the high-fat-induced decrease of insulin 
secretion, although they did not describe fat types. 

It was found in this study that (1) fasting blood insulin 
levels varied among fat subtypes: palm oil is hyperinsulin- 
emic, but most of the other vegetable oils are not; (2) a 
favorable glucose response obtained by fish oil feeding may 
be mediated by a decrease of body weight; and (3) obesity 
and a higher intake of linoleic acid are independent risk 
factors for aggravation of glucose intolerance. However, we 
cannot rule out that humans might respond differently to 
dietary fat. Further human studies are necessary to verify 
this hypothesis. 
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Linoleic-acid-enriched diet: long-term effects on serum 
lipoprotein and apolipoprotetn concentrations and insulin 
sensitivity in nonlnsulin-dependent diabetic patients^ 

Robert J Heine, Cees Mulder, Corrie Popp-Snijders, Jan van derMeer, and Ed A van der Veen 

ABSTRACT Long-term (30 wk) effects on serum lipoproteins and insuUn sensitivity of 
two diets, one with a low polyunsaturated to saturated fat ratio (P:S 0.3) and one with a P:S of 
1.0, were com pared in 14 patients with noninsulin-dependent diabetes mellitus (NIDDM) in 
a crossover study. Total and LDI^cholesteroI levels decUned by 7.6% (/? < 0.01 ) and 9. 8% {p 
< 0.01), respjctiveiy, during the high P:S diet. VLDL-. HDL2-, and HDL3-cbolestero]; 
triacylgiyceroi; and apolipoiwotein Al, A2, and B levels were not affected by the change in 
P:S. Despite a modest increase of insulin-mediated glucose disposal at physiologic insulinemia 
during the high P-.S diet, no influence was seen on glycemic control, and on blood glucose, 
plasma insulin , and C peptide responses to mixed njeals. 

In conclusion, a hnoleio-enriched diet in patients with NIDD causes a less atherogenic Upo- 
protein profile but does not influence glycemic control and carbohydrate tolerance Am J 
Clin Nutr 1 989;49:448-56. 

KEY WORDS Linoldc acid, polyunsaturated fatty acids, diet, insuhn sensitivity, lipids, 
cholesterol, LDL^olesteroI, diabetes, apolipoproteins, lipoproteins 
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Introduction 

Atherosclerosis is a major cause of death and morbid- 
ity in diabetic patients (1-3). Because of this predisposi- 
tion, attention has been focused on lipoprotein and apo- 
lipoprotein metabolism in diabetics. Hyi^erlipidemia is 
frequently encountered in noninsulin-dependent diabet- 
ics and is considered as a major detemiinant of athero- 
sclerotic complications (4-6). Besides the known hyper- 
triacylglycerolemia, alterations in low-density lipopro- 
tein (LpL) and high-density lipoprotein (HDL) 
metabolism have attracted more attention as they may 
be more intrinsically related to the pathogenesis of ath- 
erosclerods (7, 8). Also obesity, insulin resistance, and 
hypertension have been shown to have a predictive value 
for the development of coronary heart d^ease (1,9, 10). 
These risk factors can be influenced by dietary treatment. 
The World Health Organizati on (WHO) expert commit- 
tee on diabetes mellitus (1 1) i-ecommends in their latest 
report a dietary fat restriction to approximately 30 en- 
ergy percent. Moreover, they advised diabetics to substi- 
tute foods containing polyunisahirated vegetable oils for 
saturated fets. Cotisequently the carbohydrate content 
has to be raised to '50 energj^ %, enriched with natural 
dietary fibers. This prudent iJiet has also been recom- 
mended to the general popul ation to reduce the risk of 
atherosclerotic events (12). 



Polyunsaturated fatty adds have been claimed to en" 
hance the sensitivity to insulin in diabetic patient&w : 
KinseU ( 1 3) observed hypoglycemic episodes when lino* - 
leic add was substituted for saturated fatty adds in the, 
diets. A study in noninsuhn-dependent diabetics demon- ^ 
stiated improvement of the glucose tolerance in women ■ 
using a diet with a high ratio of polyunsaturated to satu- ^ 
rated fatty add (P:S) (14). 

Despite these studies it is still very hard to draw firm : 
conclusions as to the effect of polyunsaturated fetty adds ' 
on lipid levels and insulin action in general, and of lin- 
oleic add in particular, because studies were either of 
short duration ( 1 3) or were comparing diets that differed 
in their relative proportions of carbohydrate and fat (1 4). 

We dedded therefore to study the long-term effects of . 
a diet enriched with linoleic acid to a P:S of '-^ 1, without 
fiirther altering the composition of the diet* on serum 
lipoprotein and apolipopxotein levels and insulin sensi- 
tivity in noninsuhn-dependent diabetic patients. 

* From the Departments of Internal Medicine, CKnical Chemistry, 
and Endocrinotogy, Free Universiiy Hospital, Amsterdam, The Neth- 
erlands. 

' Address reprint requests to RJ Heine, Department of Internal 
Medidne, Free University Hospital. De Bodelaan 1 1 17, Amsterdam, 
The Netherlandsw 
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TABLE 1 

Clinical and biochemical details at tirae of recruitment of the patients who completed the stiidy 











ICno'^ra 




Fasting HbAl 


Fasting 


Fasting 


















diahf tes 




blood 




plasma 


Total 


LDL 


HDL2 


Tiiacyl- 


Subject 


Sex 


A^e 


BMI* 


duration 


Therapy 




in^ilin 


C nentide 


chnlp^tpinl 


rh n 1 p^tpml 

wtl vl tvi L VF 1 










y 




y 




mmol/L(%) 


mU/L 


nmoI/L 


mmvi/L 


mmol/L 


mmol/L 


mmoi/L 


1 


M 


46 


29.3 




diet 


10.8(10,4) 


18 


0.54 


5.06 


3,29 


0.19 


2,5 


2 


F 


40 


24.9 




diet 


13.0(11.6) 


9 


0.27 


8.31 


6.62 


0.26 


1.7 


3 


F 


55 


34.0 


2 


diet 


6.6 (6.4) 


18 


0.73 


7.44 


5.66 


0.25 


2.J 


4 


M " 


30 


25.3 


3 


diet 


9.6 (8.8) 


11 


0.30 


3.35 


2.18 


0.23 


1.2 


5 


F 


43 


24.7 


5 


diet 


12.2(10.5) 


24 


0.38 


6.67 


4,99 


0.32 


3.1 


6 


F 


59 


25.6 


2 


diet 


8 J (6.4) 


15 


0.75 


.5.97 


3,67 


0.24 


5.4 


7 


F 


61 


2X8 


3 


glibendaniide 


9.4(9.9) 


12 


0.47 


4.21 


2.53 


0.35 


1.7 


8 


F 


46 


19.8 


9 


tolbutamide 


11:5(10.0) 


15 


0.28 


4.33 


2.98 


0.40 


1.6 


9 


M 


70 


28.4 


£ 


gliclazide 


7.7(7.6) 


16 


0.57 


5.45 


4.45 


0.16 


1.5 


10 


M 


69 


19.5 


9 


gjibendamide 


7.5(10.3) 


14 


0.29 


3.83 


2,01 


1.13 


0,5 


11 


M 


64 


26.4 


5 


tolbutamide 


11.5 (8.6) 


10 


0.43 


4.16 


3.03 


0.23 


1.0 


12 


M 


47 


24.6 


8 


glibenclamide 


6.0(6.0) 


11 


0.30 


3.94 


, 2,53 


0.29 


0.8 


13 


M 


47 


25.6 


9 


gliclazide 


10.2(6.6) 


21 


0.87 


5.60 


3.96 


0.21 


3.1 


14 


M 


49 


24.9 


6 . 


glibenclamide 


9.5 (8.4) 


10 


1.12 


8.14 


5.96 


0.35 


3.6 


* Body Mass lodex 


= bodyvrt/ht^. 



















t Percent 15 given in parentheses. 



Subjects and methods 

Subjects 

Seveiiteen patients, 8 women jind 9 men, were recruited. In- 
cltidon criteria for this study wcjre age < 70 y and treatment 
consisting of diet only or a stable dose of sulfonylurea for at 
least 3 mo before the start of the ijtudy. Excluded were patients 
with other endocrine diseases, liver or renal disease as con- 
firmed by biochemical findings, and those on Ueatment that 
would ai^xt lipid or carbohydiate metaboUsm (eg, antihyper- 
tensives, corticosteroids, metformin, and diuretics). Patients 
were oiily admitted ^hen it was to be expected that metabolic 
control did not req[Uire imminent alterations in treatment All 
patients had a stable weight (< 5% different from that 3 mo 
before the start of the ^dy) during at least 3 mo before the 
start of the study. Three patients dropped out during the first 3 
moafierthe start of the study, on e man because of high alcohol 
intake that required special treatxnent and one woman because 
of breast carcinoma. In one woman metabolic control deterio- 
rated, reflected by fasting blood glucose levels > 15 mmol/L> 
which required insulin treatmen t Enrollment of the patients 
took place between April 1984 and July 1985. 

All patients were diagnosed as being diabetic according to 
the criteria as recommended by the WHO study group on dia- 
betes mellitas (11). The clinical characteristics of the patients 
who completed the study are givisn in Table 1. Before entering 
the study each patient gave inforcned consent and approval for 
the study was obtained from the lEthical Committee of the Free 
University Hospital was obtained. 

Study protocol 

The study consisted of two pe).iods of 30 wk each in a cross- 
over design. During one period the P:S ratio in the diet was 
deigned to be 0.3 and in the oth^jr period 1.0* The order of the 
dietary periods was randomized. At entry in the study the diets 
were individually planned to be isocaloric with the energy in- 
take of the patient calculated froi u 1-wk dietary recalls, A com- 



puter data bank of Dutch food composition was used to assess 
the diet cpmpositions^arid to design the. appropriate diet for the 
study. No attempt was made to adjust the habitual diet of the 
patient to the dietary guidelines, which /Were giyen at time of 
diagnosis of diabetes (ie, a diet consisting of 5<X*55 energy % 
carbohydrate, ^enriched with dietary fibeirs and 30 energy % fat 
with a PiS of 1 ). The composition of the diet and the cholesterpl 
and fiber content were k^t .constant. QrUy the P:S of the diet 
was altered by substituting linoleio^cid-rich oils and fats for 
products rich in saturated ^fetty adds. 

Diet compliance was controlled by l*wk dietary recalls at 6, 
12, and 24 wk during'the two dietary periods. If necessary the 
diet prescriptions were adjusted. In addition, the fatty acid 
composition of the plasma cholesteryl-esters were determinjed 
at intervals throughout the study and the lipid, composi^ 
tion of the red blood cells at the end of the dietary periods. 

The patients were seen at 6-wk intervals -in the outpatient 
clinic after an overnight fast &om 2200 the evening before, for 
the determination of body weight and blood pressure. Blood 
pressure was measured afber a 1 5-min rest in a sitting position 
by one observer using the same mercury ^hygmomanometer 
with a standard cuff. Diastolic blood press^re was recorded at 
Korotkoff phase V. The mean of three measurements was re- 
corded. : . 

Blood was withdrawn from an antecubital vein for the as- 
sessments of blood glucose, hemoglobin Ai (HbAl), serum lip- 
ids (total cholesterol, triacyl glycerol, very-4ow density lipopro- 
tein [VLDL] cholesterol, LDL cholesterol, HDL2 and HDL3 
cholesterol), and apolipoproteins Al, A2, and B.- After taking 
the blood samples, 100 lU heparin/kg body wt (Oiganon Tek- 
nika BV, Boxtel, Holland) was administered as an intravenous 
bolus. Twenty minutes later venous samples (EDTA as antico- 
agulant) were withdrawn for the assessments of post heparin 
lipolytic activity (FHLA), lipoprotem lipase (LPL), and hepatic 
lipase activity. Blood for' measurement of ^^1-labeled insulin 
binding to fed blood cells, according to Gambhir et al, was 
taken at 1 8 and 30 wk of eadi dietary period (15): 
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TABLE2 

Nutriem composition of the reference Oow PrS) diet and the Unolcic-add enriched (high P:S) diet (mean 24-h values of 1-wk dietary recalU) 




Low ^-JS diet 



HighP:S diet 





Week 6 


Week 12 


Week 24 


Mean 


Week 6 


Week 12 


Week 24 


Energy intake (kcal/d) 


1666 ±86 


1746 ±117 


t826± 120 


1746 ±98 


1641 ± 105 


1752 ± 112 


1738 ± 113 


Protein 
















animal (energy %) 


10.7 ±0.8 


12.1 ±0.8 


11-6 ±0.9 


11.5 ±0.7 


12.8 ± 1.0 


12.7 ±0.9 


12.1 ± 1.0 


vegetable (energy %) 


4.8 ±0,4 


4.7 ±0.3 


4.7 ±0,3 


4.7 ±0.3 


5.0 ±0.4 


4.9 ±0.4 


4.8 ±0.4 


Fat {energy %) 


38.6 ±2.1 


38.9 ±2.0 


39.7 ± 2.3 


39.1 ±2.1 


37.0 ±1.7 


38.3± 1.8 


39.3 ±1.5 


' Unoleic acid (energy %) 


3.9 ±0.4 


4.1 ±0.5 


4.6 ± 0.4 


4.2 ±0.4 


10.0:1; 0.8 


10.9 ±0.8 


11.7 ±0.8 


P:S 


0.31 ± 0,03 


0.32 ±0.03 


0.35 + 0.03 


0.33 ±0.02 


0.83 ±0.07 


0.93 ±0.08 


0.97 ±0.08 


Cholesterol (mg/d) 


261 ±25 


266 ±28 


290 ±33 


272 ±25 


2I7±20 


225±21 


223 ±14 


Dietary fiber (g/d) 


20±2 


21±2 


22 ±2 


2l±2 


22±2 


21±2 


20±2 


Carbohydrate (energy %) 


40.2 ±1-9 


39.4 ± 1.9 


38.8 ±2.1 


39.5 ± 1.9 


39.9 ± 1.6 


40.4 ±1.6 


39.4 ± 1.2 


Alcohol (energy %) 


5,9±1.4 


5,1 ± 1.4 


5.2 ±1.4 . 


5.4 ±1.3 


5.2 ±1.3 


4.0 ± 1.3 


4.6 ± 1.2 



Mean 



1 7 10 ± 104 

12.5 ±0.9 

4.9 ± 0.2 
38.2 ±1.5 M 
I0.9±0.6t gP 
0-91 ±0.06tS 
222 ±13* 

21 ±2 
39.9 ± 1.3 

4,6 ± 1.2 



*X±iSEM. 

t p < 0.00 1 as compared with metin value dimng low RS diet 
tp<0.05. 



Meal tolerance tests were performed in the &stiilg state at 
0800 during the final 2 wk of tins dietary periods. A standard- 
ized liquid mixed meal containing 56 energy % carbohydrate 
and 25 energy % protein {Oinifeed-protein rich®. Roussel, 
Hoevelaken^ Holland) was taken in 5 min. Blood glucose and 
plasma insulin and C peptide were measured twice basally and 
at 1 5-min intervals for 3 h thereafter. . 

In vivo insulin sensitivity was assessed by constructing insu- 
lin dose-response cu^es in the fasting state^ separated by at 
least 1 wk fix>m the meal tolerance test, at the end of the dietary 
periods, by Tise of sequential glucose and insulin infusions at 
prefixed rates (16). Insulin was isiflised sequentially at 50, 150, 
and 500 mU-kg~'-h"' (Humuliri R, lifly, Indiatiapolis;, IN) 
for 1 50. 120, and 120 min, respectively. Each insulin infusion 
was primed by an intrayen6iis fa ohisiivjection of insulin of 0.1 
X kg body wt X desired elevation of plasma insulin levels in 
mU.- Glucose infiisions at 6, 8, and 10 mg-kg"''min~^ were 
initiated 10 min later than the ccirresponding insulin infusions. 
Blood samples for ^lood glucosiis levels were taken each 5 min 
and foe plasma insulin at lO-min intervals during the final 30 
min of each gLucos&*insulin iniusoon. From these values the 
steady state plasma insulin levels were calculated. The meta- 
bglic clearance rate of glucose w£ia obtained by dividing the glu- 
cose infiiision rate fay the mean blood glucose level during the 
final 30 min of each infusion. 

Laboratory methods 

Blood glucose was measured by a glucose oxidase method 
(Yellow Springs bistnunent Co^, Yellow Springs, OH). Plasraa 
insulin was assessed by radioimtnunoassay with human insulin 
as standard (Sorin Biomedica, Salhigifl> Italy; sensitivity 2.5 
mU/L; intraassay coefficient of variation 8.2%). Plasma C pep- 
tide was measured by radioimm utkoassay with ethanol precipi- 
tation with human C peptide as standard (Novo Industri, Bag- 
svaerd, Denmaric; ^enativity 0.O6 nmolA^ intraassay coeffi- 
cieat of variation 8.1%) (17). Glycosylated hemoglobin was 
assayed by a microcohmm metlxod ( 1 8). For the determinaMon 
of triac>iglycerol levels the gl>'cerol phosphate oxydase-para 
amino phenozone (GPO-PAP) (human) was applied. Total 
cholesterol in serum and in the lipoprotein fractions was mea- 
sured enzyiaiatically using tb&Monotest kit (Boehringer Maim- 



heim, GmbH, FRG). An IEC-B60 ultracentrifuge (Damon^^ 
lEC, Needham Heights, MA) was used for density gradient til- f 
traoentrifugation: VLDL was isolated at d < 1019 g/mL LDL'J| 
between d = 1019 and d = 1063 g/mL, HDL2 between d.'r 
= 1063 and d = M25 g/mL, and HDL3 between d = l.^S-if 
and d = 1 .2 1 0 g/mL ( 1 9). The PHLA was measured according J 
to a modified method of Lewis (20). '^Mj 
Post heparin plasma was incubated with Intralipid® (Kabif;!: 
Vitrum, Stockholm, Sweden) and bovine serum albumin wifli j 
a negligibte fiie fatty add content (Boseral, Organon, Oss, Hol^^^ 
land) in a tris-HCL buffer (0.2 rndl tris/L, 0.15 mol NaO/y ■ 
pH = 8.5). For the determination of released fatty acids t|i&| 
enzymatic lionesterified faity add-C (NEFA-C) test (Wako;?:| 
Osaka, Japan) was used (21). To determine hepatic triacylglyo^ 
erol lipase (ii-TGL), the same assay was used with selective iii^ % 
hibition of lipoprotein lipase fay protamine sulfate (22). Sub^: 
traction of h-TGL firom PHLA gives information about the; , 
LPL activity. 

Apohpoprotein Al and A2 were measured using a modifi- . 
cation of the inununoturfaidimetric assay, which was based on 
an immunonephelometric technique (23). Apolipoprotein B: 
was measured by radial immunodiffusion. 

The fatty add composition of the plasma cholesteryi esters 
was analyzed by gas-liquid chromatography (24). Brythrocyte 
membrane lipid analyses were performed as described pre- 
vioudy (25). The fetty add composition of phosphatidyl cho- 
line (PC) and phosphatidyl ethanolamine (PE) were analyzed 
separately. The phospholipid unsaturation was calculated firom 
the total fatty add composition of PC and F£ and was ex-* 
pressed as double bond index (DBI: mean of double bonds per 
molecule of fatty odd). 

Statistical analysis 

This study was designed as a crossover clinical trial with two 
study periods of 30 wk each. From the multiple measurements 
of the variables during the two study periods, average values of 
the three final measurements obtained between weeks 18 and 
30 were calculated. For ;the analysis, the data from the two se- 
quence groups were pooled. For the statistical evaluation of die , 
treatment responses analysis of variance according to Hills and 
Armitage was performed (26). This evaluation included the 
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TABLES 

Fatty add composition of cholesteryl esters during the study periods 
with a low P:S and high P:S diet (mean val ues of three assessxnents at 
weeks 18, 24. and SO)* 

Fatty acid Low P:S diet High PiS diet 







moI% 


mol% 


Palmitk: 




13.0 


±0.4 


12.4 


±0.2 


Palmitoleic 


(C.6:,) 


3.9 


±0.5 


3,3 


±o:5t 


Stearic 




J.I 


±0.1 


1.1 


±0.1 


Oleic 




18.4 


±.0.6 


15.7 


±0.9t 


Linoleic 




55.8 


± 1.5 


59.8 


±2.0t 


Linolenic 




1.1 


±0.1 


1.0 


±0.2 


Homogammalinolenic 




(1.6 


±0.1 


0.6 


±0.1 


Aiachidonic 




5.1 


±0.3 


5.0 


±0.4 


Eicosapentaenoic 




0-.7 


±0.1 


0.7 


±0.1 


Pocosabexaenoic 




C'.3 


±0.1 


0.4 


±0.1 




DBI§ 


1.65 ±0.02 


1.70±0.0lt 



♦jc±lSEM 
tp<0.01. 

tP< 0.001 as compared to mean val w: during low PrS diet 
§ DBI (Double Bond Index) = mean of double bonds per molecule 
fatty acid. 



analysis of the sequence effect on the lesults, AH results are pre- 
sented as means ± SEM. 



Results . 

Diet compliance was detenmiied with two indepen- 
dent methods: i-wk dietary recalls at weeks 6; 12, and 
24 and assessment of the fhtty add composition of the 
cholesteiy] esters at 6-wk intervals (Tables 2 and 3). The 
cholesterol intake was lower diirLag th^ high P:S as com- 
pared with the low P:S diet {p < 0.05). The composition 
of the diet remained otherwise unchanged (Table 2). 
These dietary recall data w^ coti£rmed by the fatty acid 
composition of the cholesteryl esters» which d^on- 
strated a significant increase of itbe linoleic add (Ci8:2) 
content, mainly at the expense of palmitoleic add (Ci&i) 
and oldc acid (Ci8:j). These changes resulted in a signifi- 
cant increase of the DBI (Table 3), 

The relevant fatty add coiitent in erythrocyte PC and 
P£ are given in Table 4. The high P:S diet caused a 
significantly his^er stearic add (Ci8:o) and linoldc add 
(Ci8:^ content in PC at the expense of Giex) and oleic 
add- In erythrocyte PE the high P:S diet, as compared 
vdth the low P:S diet, resulted i:a a significantly higher 
linoleic acid and stearic acid content and a lower oldc 
add content. In neither PC nor I'E was a change seen in 
the total (0-3 fatty add content oi in the DBL 

Mean body weights were not significantly different for 
either dietary period: 77.9 ± 4.0 vs 78.0 ± 4. 1 kg for the 
low vs high P:S diets, respectively. Mean systohc and dia- 
stolic blood pressures were not aiOfected by the change in 
dietary linoldc add intake: 137.6 ± 4.4 vs 138,1 ± 3,8 
mm Hg and 84,8 ± 2.0 vs 85.0 ± 2.0 mm Hg for the low 
and highF^S diets, respectively. 



Serum lipoprotein, apolipoprotein, and triacylglycerol 
levels arc given in Figure 1 and Table 5, Total cholesterol 
and LDL-cholesterol levels were significantly higher dur- 
ing the low P:S as compared with the high P:S diet (Table 
5). The differences in total cholesterol level were only ob- 
vious firom 12 wk onward (Fig 1). Apolipoprotdn B lev- 
ds tended to be lower during the hi^ P:S diet than dur- 
ing the low P:S diet but the mean levels during the final 
12 wk were not significantly different for either dietary 
period. Serum VLDL, HDL2 and HDL3 cholesterol, 
apolipoprotein Al and A2, .aad triacylglycerol levels 
were not significantly difiercnt for the low and high P:S 
diets. 

The PHLA and the activities of hepatic and LPL were 
not influenced by the change in P:S of the diet: 19.9 
± 1.2 vs 20.0 ± 0:6, 6.4 ± 0.7 vs 6,7 ± 0.6, and 13.5 
± 0.8 vs 13.3 ± 0.9 mmol.L"* -h"' for the low and high 
P:S diets, respectively. 

Fasting blood glucose leyds and glycosylated hemo^ 
glbbin percentages were not significitntly different for the 
low and high P:S diets: 10,8 ± 0.7 vs 10.5 ± 0.7 mmol/L 
and 9,2 ± 0.7 vs 9.2 ± 0,7%, respectivdy. 

Incremental blood glucose, plasma C peptide, and in- 
sulin responses to the statidardized liquid tnixed 
during the final week of the study p^ods were not sig- 
nificantly different for dther diet 577 ± 91 vs 597 ± 79 
inmol-L-*.min"\ 5199 ± 1260 vs 4531 ± 909 mU- 
L-'.niin-\ and 169 ± 31 vis 175 ± 33 nmbl-l.-'. 
min^' for the low and high P',S diets, respectively. ' 

In vitro binding of ^^-labded insulin at tracer pdh- 
oentrations to red blood cells was significaintly greater 
during the dietary period with a high linoldc ai^id intake 
as coinpared with the saturated &t intake: 7.4 ± 1.3 Vs 
6.2 ± 0.2% (/; = 0.003). 

In vivo insulin sensitivity was assessed by constructing 
insulin dose-response curves at three different infusion 
rates. The fasting plasma insulin levels at the end of eadi 
dietary period were identical during the low and high 
P:S diet: 9 ± 1 vs 9 ± 1 mU/L. The plasma insulin levds 
achieved during the dietary periods vrith a low and t^gh 
P:S ratio were not significantly different for the three in- 
sulin infusion rates (Table 6), permitting comparison of 
the metabolic clearance rate of glucose; From the blood 
glucose levels achieved during the final 30 min of each 
gjucose-insulin infusion, the metabolic dearance rate 
(MCR) of glucose was calculated. The MCR of glucose 
was significantly higher at the insulin infusion rate of 50 
mU-kg^' -h^' during the dietary period with a high P:S 
as compared with a low PrS diet (Table 6). At the two 
higher insulin infusion rates the MCRs of glucose were 
not significantly different for dther dietary period. 

The semm lipids and insulin sensitivity variables re- 
^onded not significantly different in subgroups of pa- 
tients that were formed according to age, body mass in- 
dex (BMI), sex, and fasting blood glucose level. 

rHscDssion 

;/ The increased risk of ischemic heart disease in diabet^* 
/ ICS has been attributed to the diabetic state per se, indud* 
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JJ?^A«y«cid content in eiythrocytc phosphaUdylchoEne 

with a low ^nd high M diet* ; ^ 



Stearic 
Oleic 
Unoleic 
ArachidoDic 



Fatty add 



(C,8:0) 

DB1| 



Low P--S diet 



38.7 
10.8 
!5.5 
23.4 
4.8 
2.2 



±0.4 
±0.3 
±0.6 
±1.0 
±0.3 
±0.1 



1 .01 ±0.01 



PC 



High P:S diet 



37.9 
U.6 
14.1 
24.7 
4.8 
2.4 



±0.6t 

±0.4t 

±0.8* 

±1.4t 

±0.3 

±0.2 



1.04 ±0.01 



.,rjc±lSEM. 
tp<0.05. 

tp<O.Oi. ^ .J 

'§ aPi - omega 3 f&tty adds. ie. sum of 20:5. 22:5. and 22:6 fatty acids. 
; ■ 1 DBtpouWe Bond Index) = mean of double bonds per molecule fatty aad. 



jnol % • 



PE 



LowPrS diet 



18.7 
7.6 
L6.6 



±0.4 
±0:2 
±0.4 



7.0 ±0.4 
18.8 ±0.4 
9.9 ±0.6 
1.87+0.02 



High P-JS diet 



18.3 ±0.4 

8.0 ±0.2t 

15.7 ±0.4t ■ 

7.7 ±0.6t 

18.7 ±0.4 

9.3 ±0.7 
1.86 ±0.02 




/li^ hvperglycemia and hyperinsulinemia and to abnor- 
i^tiesLnlipid metdbolism (1-3, 9, 10, 27-29), The re- 
lationship between the devtslopment of atherosclerotic 
complications and the existence of hyperlipidemia is 
complex although the latter is suspected to contribute to 
the high prevalence of macrovascular complications in 
diabetes (6,7, 9: 30, 31). 

From the dietary record <iata and the plasma chples- 
w.ryl ester analyses and the ftable weight throughout the 
study penods it was concluded that the compliance of 
the patients to ihs prescribed diets was excellent, which 
probably was due to the simplicity of the dietary alter- 
ation, ie, substitution of linoleic-acid-enriched oils and 
margarines for saturated fatty acids. The major advan- 
tage of this study design is that the observed treatment 
effects can be attributed to changes in the linoldc-acid 
content of the.diet only. 

The cholesterol intake during the dietary penod with 
a low P:S ratio was higher tiian during the use of the lin- 
oleic-acid-enriched diet, probably because of the use of 
butter rather than margarines and vegetable oils. How- 
ever, it is very unlikely that a difference in cholesterol 
consumption of 50 mg/d will affect the lipoprotein levels 
(32, 33). 

The differences in P:S of the diet were also reflected by 
changes in proportional fati:y acid contents of PC and PE 
in the erythrocyte membrane, linoleio-add enrichment 
of the diet resulted in an increase of linoldc add in both 
PC and PE phospholipid classes, mostly at the expense 
of oleic acid. The lower uitake of saturated fatty acids 
during the high P:S diet resulted in a lower C,6H) content, 
which seemed to be compensated for by a proportional 
increase of stearic acid. The sums of the Ci€.<) and stearic 
and of the oleic and linoleic fatty acid contents in PC and 
PE remained remarkably similar for both dietary peri- 
ods, supporting the hypothesis that cells regulate to some 



extent their membrane Mpid composition in an attei| 
to control membrane fluidity (34). ^ 

Hypertension is a known risk factor for cardiov 
disease in nondiabetic and diabetic patients (1,2, 9). 
of cardiovascular disease increases with increastagblL __ 
pressure. Therefore, it seems th^t already small red^ 
tions in blood pressure can be favorable. Another sti|*' 
(35) demonstrated that a diet low in fat (—23% of ^^r 
intake) with a P:S ratio of 1 and enriched with v^^^ 
bles has a modest lowering effect on the blood pressu 
during a 6 wk foUow-up study as compared vrith a cr 
ventional diet (dietary fet 40 energy %, P:S 0.27) in^ 
subjects. It was suggested that the increase in the P:S 
the m^or dietary change responsible for the lowering! 
the blood pressure. In our long-term study no chang^^i^ 
blood pressure was observed during the dietary perijf ' 
with a high P:S, suggesting that linoleio-add enrichm^, 
of the diet has no blood pressure lowering effect, Ther^ 
fore, it seems more likely that other components tji^ 
were altered in the study by Puska et al (35), eg, dietffl|s| 
fibers (36) and total fat content (37), must be held t^J 
sponsible for the observed effect. /.^^^ 
In our study no changes were observed in glycem^ 
control, as reflected by fiistirig blood glucose levels aii<| 
proportions of glycosylated hemoglobin, during dthe^ 
dietary period. Previous studies have su^ested that sut^ 
stitution of sunflovw oil for saturated fatty adds causea^| 
a decrease of insulin requirements in diabetic patientS | 
(13, 38). Houtsmuller (38) found modest improvements;' 
in blood glucose profiles in seven obese noninsulm-de- 
pendent diabetics in metabolic ward conditions durii^ ^ 
10 d of feeding experiments comparing 50 energy % sun- ^ 
flower oU with 50 energy % butter. These short-term ex^ 
periments comparitiig extreme P:S are ob^dously not 
comparable with our long-term study in which accept- 
able and practically maintainable diets in normal daily ^ 
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6 6t ^^^^ CholesTerol mmol/l 



6.2- 
5.8 
3-4 
5.0 

4.8 
4.4 
4.0 
3.6 
X2 

1>* r 
1.3 
1.2 
1.1 



4 




LDL-Cholesrerol mmol/l 




APO-B git 




B 



12 18 34 30 

WEEKS 

. FIG 1 . Total and LDL-chglesterol a nd apoltpoprotdn B (apo-B) se- 
rum levels at base line CB) and during the \ise of the low (□• . •□) and 
high P:S (■ ■) diets for 30 wk (jc i: SEM). 

life situations were investigated. From our study we may 
conclude that linoleio-add emichment to an amount of 
-^10 energy % without alterinj^ the other components of 
the diet has no eflfect on gjyceinic control in moderately 
well controlled noninsulin-dq^endent diabetic patients. 
Our data are in agreement witti a recent study comparing 
a low carbohydrate (LC) diet (40 energy % fat with a P;S 
of 0.3) with a modified fat (MF) diet (30 energy % fat 
with P:S of 0.9) in a group of 149 noninsulin-dependent 
diabetic patients. During a 5-y foUow-up no di^rences 
in glycemic control could be demonstrated between the 
LC and MF dietary groups (39). 

One of the nuyor pathophysiologic factors re^onsible 
for the diabetic state in noninsulin-dependent diabetes is 
insulin resistance (40), The impaired insulin action has 



been attributed to defects at the binding site (insuhn re- 
ceptor) and to impeded intracellular glucose metabolism 
(postbinding defect). In this study we assessed the specific 
binding of *"I-labeled insulin to red blood cells, as a 
measure of insuhn receptor binding capacity ( 1 5). Dur- 
ing the high P:S diet a significantly higher insulin binding 
was found as compared with the low P:S diet, which may 
be explained by alterations in the phospholipid milieu in 
which the insuhn receptor is embedded. This finding is 
in agreement with the results of Ginsberg et al (41) who 
demonstrated an increase of the total number of insuhn 
receptors on Friend erythroleukemic cells in media caus- 
ing an enhancement of unsaturated fatty acids in cell 
membranes. However the insuhn binding data do not 
necessarily give information on the in vivo insulin sensi- 
tivity. The fact that no direct correlation has been dem- 
onstrated between insulin-binding properties of blood 
cells and adipocytes in noninsulin-dependent diabetes 
has casted considerable doubt on its use as a measure 
of the insulin binding characteristics of insulinrsensitive 
tissues, which are relevant to carbohydrate metabolim 
in vivo (42). 

In vivo insuhn sensitivity was measured by construct- 
ing insulin dose-response curves. Insuhn action was exp 
pressed as the MRC of glucose during the glucose-insulin 
infusions at prefixed rates. This method has been dem- 
onstrated to give comparable results with the glucose 
clamp technique in subjects with normal and abnormal 
glucose tolerance. In a previous study (16) we found in 
normal volunteers an increase of the mean MCR of glu- 
cose fi:om 1 6.8 ± 0.6 to 20.0 ± 1 .2 mL - kg" ' - min" ' when 
enhancing the insulin infusion rate from 50 to 500 mU ■ 
Kg"' "h"' whereas the mean insulin dose-response curve 
of the patient in the present study was sirnilar to the 
mean curve of a group of nonijasuiin-depencjent .diabet- 
ics which reflected impeded insuUn action. The high P:S 
diet caused a small but significant improvement of ^tbe 
insulin action at insulin levels of '--50 mU/L without 
affecting the MCR of glucose at the higher insulin levels, 



TABLES 

Serum concentrations of lipoproteins and apolipoprotelns during the 
stiidy periods with a low and high PrS diet (niean values of three 
assessments at weeks 1 8. 24, and 30)* 



LowRS 
diet 



HighP:S 
diet 



Percent 



Total cholesterol (mmol/L) 


5.92 


±0.45 


5.47 


±0.35t 7,6 


VIDL cholesterol (mmol/L) 


0.74 


±0.15 


0.68 


±0.14 


LDL cholesterol (mmol/L) 


4.08 


±0J8 


3.68 


±0.28t 9.8 , 


HDL2 cholesterol (mmol/L) 


0.37 


±0.04 


0.38 


±0.05 


HDL3 cholesterol (mmol/L) 


0.73 


±0.04 


0.74 


±0.04 


Triacylglycert^ (mmol/L) 


2.42 


±0.41 


2,22 


±0.34 


Apolip<^)irotein Al (g/L) 


1.06 


±0.04 


MO 


±0.03 


ApoUpoprotein A2 (g/L) 


0.35 


±0.02 


0.36 


±0.02 


Apoltpopcotein B ig/h) 


1.26 


±o:ii 


L18 


±0.09 



*X±ISEM. 

t p < 0.0 1 as compared with mean value during low P-.S diet 



PACE 82/10d * RCVD AT 1/20/2005 10:49:11 AM [Eastern Standard Time] * 8VR:U&PTO-EFXRF-1/0 * DNIS:8729308 * C8ID:2033356899 * DURATION (mm-ss):79-02 



01/20/2005 12:49 FAX 2033356899 



Coleman Sudol Sapone P.C 



I! 




454 

TABLE 6 

Plasma insulin levels and metabolic clearance rates 
periods with a tow and high P:S diet* 



HEINE ET AL 



(MCR) of glucose during the sequential ghicose-insulin inteions in the final week of the stud^ 



Infusion rate 



Plasma insulin 



MCR of glucose 



Glucose 



Insulin 



Low P:S diet 



High P:S diet 



Low P:S diet 



HighP:SdietJ 



6 
8 
10 



mV-kg-'-h- 

50 
150 
50O 



mUfL 

50± 6 
168 ± 19 
1004 ±114 



mU/L 

50± 4 
161 ±16 
97l±95 



3.7 ±0.6 
9.7 ±1.4 
15.4 ±2.3 



ml-kg'min% 

4.9±0.9'f| 
10.2 ± 1.4 
15.5±i;8S| 



*x±lSEM. 

t p < 0.05 as compared with mean value daring low P5 diet. 

It seems from the in vitro and in vivo data that Hnoleic- 
acid enrichment of the ceU rncnibranes may affect the 
insuUn receptor binding capacity, possibly by mfiuenc^ 
infe the fatty acid composition of the cell membranes 
f41) However the major impedance in insulin action 
was not aUeviated and therefore it was not to be expected 
that the small enhancement of insulm action at the low 
insuUn levfels was translated into an improved glyoemic 

controL , . . . 

The meal tolerance test demonstrated very similar m- 
cremental glucose, irisuUn, and C peptide responds to a 
liquid mixed meal duriiig th« final week of each dietary 
period, confirming the lack of a major diange m rnsuhn 
/sensitivity and demonstrating an unaltered ceH fimo- 
/tion and hepatic insulin extraction. Therefore, it seems 
/ very unlikely that brevio^V reported improvement of 
"C glucose tolerance in noninsulin-dependent diabetics by 
>use Of a modified fet diet is dtic to the Hnoleic acid ennch- 
ment 6tily(14). ' , . , 

The serum total and LDLrch&lesterol levels were sig- 
nificanUy lower during the high P:S as compared with 
the low P:S diet This differe nce seems to be due mainly 
to a rise of the serum total and LDLKiholesterol levels 
during the low P:S diet (Fig 1). Other studies m ^^ndia- 
beticsutrjects, which compared diets with similar RS Mid 
fet contente as in our study, demonstrated greater differ- 
ences in total and LDL-cholesterol levels than those we 
found (43, 44). 

Furthermore, a significan t decline of apohpoprotem B 
levels is usually observed in nondiabetic subjects who eat 
diets with a high P:S ratio (43-46), Therefore, it seeins 
that noninsulin-dependent diabetics respond differentiy 
and possibly less effectively to changes in linoleic aad 
content of the diet than nondiabetic subjects. Our pa- 
tient population demonstrated a wide range in ^e, BMI, 
and fasting blood gjucose levels. However, their serum 
lipid levels responded to the change in the P.S of the diet 
in a feirly uniform way. Also, the female and male i^- 
tients did not respond significantly different to the di- 
etary alteration. The lipid Research Qinical Trials (47) 
have demonstrated that aich percent reduction of the 
LDI^cholesterol level was iissodated with a 2% decrease 
of the incidence of coronai^ heart disease. Because it is 



suspected that also in diabetes disordered lipoprote 
metabolism may contribute to the high prevalence 
macrovascular complications, it is of great interest tha 
linoleic-add enrichment of the diet reailted m a naea^ 
decrease of LDL cholesterol levels by 9.8% witho^ 
affecting HDL2-cholesterol levels. The catabohsm of th 
LDL particle is mediated mainly by LDL^receptor mem 
ated pathways (48). Because one of the explanations for; 
the cholesterol lowering effect of a high P:S diet is an c^ 
hancedLDLdearancc, it is tentative to speculate that an- 
increase of the Imoleic add content of the oeU mem^ 
branes may stimulate, as suggested for the insuhn bind^^ 
ing site, the activity of the LDL receptors (49). Serums 
levels of other major lipoproteins, triat^lglycerol, a^^;^ 
apoUpoprotdns Al and A2 were not affected by th|; 
change in P:S of the diet This finding is m agreement 
with previous observations (12, 44, 46) in nondiabetia 
subjects. Other investigators have foimd a triacylglycett^; 
lowering effect and aecreased HDL-cholesterol levels m 
heahhy and hyperlipidemic subjects ajEto high P:S die^> 
(50 51) These discr^ncies in results may be explamed , 
by differences in composition and the P:S of the dirts , 
and by the heterogendty of lipid disorders m the study 
populations. Also, tiie duration of the mvestigaUons 
might be a very unportant determinant for the outcome 
of study results. The diet-induced change in total cbolesr 
terol levels was only obvious 12 wk after initiatmg the 
change in the P:S. This raises some doubt on the inter- 
pretabiiity of shorter term dietary studies. 

The PHLA was not affected by the linoldo-acid en- 
richment of the diet nor were the LPL and hepatic lipase 
activity different for either study period. Low HDL2 con- 
centrations in diabetes may be caused by subnormal IPL 
and/or high hepatic lipase activity. HDL is denved finom 
excess surfiice constituents,.which are released after LPI> 
induced hydrolysis of triacylglycerol richpartides and ite 
fiirther metaboUsih is mediated by hepatic hpase (8). 
LPL activity is regulated by insulin, insulin treatment 
in noninsulin-dependentdiabetics causes«nhanced LPL 
activity, reflected by an increase in HDL cholesterol and 
a decline in triacylglycerol levels (52). The absence of an 
effect of linolde add on LPL and hepatic Hpase activity 
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is in accordance with the unaltered serum levels of triac- 
ylglycerol and HDL2 cholesterol in our study. 

Taken together, ]inoleic-acid enrichment* of the diet 
resulted in lower total and LDL-cholesterol levels with- 
out a change in the HDL2-cholesterol concentrations. 
Glycemic control was not affixted by the high P:S diet 
These effects of linoleic add on the lipid profile are con- 
sidered to be favorable, ie, antiatherogenic, and may 
therefore reduce the high incidence of macrdangiopathic 
events in diabetic patients. Q 

The skillful experimental assistano; of AC Sikkenk, MD is gratefully 
acknowledged. We tfiank all participants and Ria Kootje (dietitiaii) for 
their cooperation. We are indebted to CP de Vries» MSc for erythrocyte 
insuliii receptor analysis, to GJ van Kamp, PhD for.the apolipoprotdn 
measurements* aiK) to PJ Kostense, I^tiD and P Bemtzcn, MD for the 
statistical analysis. 
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Hypothesis Paper 



IS INSULIN RESISTANCE INFLUENCED BY DIETARY LINOLEIC ACID 

AND TRANS FATTY ACIDS? 



Artemis P, Simopoulos 

Tlie Center for Genetics. Nutrition and Health. Washington, DC. USA 
{Rtctived A January 1994; Rtviseil and Accepted 15 hfarch 1994) 

Abstract-Thc incidence of obesity, DoninsuUn^cpendent diabetes mcUitus (NffiDM). hypcrteiisitm, «^ "''SL.'w 
disease has increased in the d<:veloped world. At the same rime, miuor changes bi Ac type and amount of fatty inute 1«^^ 
occurred over the past 40-50 yeaisr^flccicd in Increases in saturated fat (from both animal aouices a«i hydrogenatedj^eteUe 
sources) trans faKTacids, vegetable oiU rich in linoteic acid, and an oveiBll decrease in long chain polsronsatur^ fatpr 
^Ss (a^acW^nH^^ acid, and docosahexaenoic acki-C20^2). Recent fitidings that C2aC22 in mtiaclc 

mmlLe phospholipids are ir^^ly itUted to insulin resistance, ^vhemas llnoleic acid is Po^jiji^f ? l^l^S^^t 
suggest thi diet may influeai» the development of insulin resistance m obesity, insulin-dependent diabetes mcUitus (IDDM). 
hypertension, and coronary aitciy disease (incloding asymptomatic atherosclerosis and microvascular an©na). These conditions 
are known to have genetic determinants and have a common abnormality in smooth muscle response and msuUn ^w^imk^. It 
Is proposed that the cuirent di« Influences the expression of insulin resistance in diosc who are genetically predisposed. Thwefore, 
clinical investigatioos are needed to evahiate if lowering or preventing insuUn resistance through ttiet by increasing arachidoiUc 
acid, eicosapentaenoic acid, and docosahexaenoic acid, whUe lowering linolcic acid and decreasing trans fatty acids from the 
diet, will modify or prevent Ibe development of these diseases. 

Keywords^besity. Syndroimc X, Insulin resistance, Unoleic acid, Arachidonic add. Eicosapentaenoic add, Docosahexaenoic 
acid. Trans fatty acids, Nonijisulin-depcndcnt diabetes mcllitus. Coronary aitciy disease. Hypertension, Free radicals 



INTRODUCmON 

Insulin resistance is a metabc^lic state in which insulin 
in physiological concentrations fails to produce a nor- 
ma! biologic response. Obeisity is a classic state of 
insulin resistance. In 1988, Reaven slated that resis- 
tance to insulin-stimulated fjucose uptake is present 
in the majority of patients with impaired glucose toler- 
ance or noninsulin-depaident diabetes mellitus 
(NIDDM) and in about 25% of nonobese healthy indi- 
viduals with normal glucosis tolerance,^ Reaven de- 
scribed "Syndrome X" as consisting of resistance to 
insulin-stimulated glucose uptake, glucose intolerance, 
hyperinsulinemia, increased very-low-densiiy lipopro- 
tein triglyceride, and decreased high-density lipopro- 
tein cholesterol and hypertension, and considered insu- 
Un resistance to be of priraai.7 importance in coronary 
artery disease, hypertension, and NIDDM.* Since then, 
an explosion of publications has described the relation- 
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ships among insulin resistance, hypcrinsulinemia, hy- 
pertension, and coronary artery disease.^' 

By means of the euglycemic clamp technique* insu- 
lin resistance has been found in patients with NIDDM: 
in obese individuals; in nonobese hypertensives; in pa- 
tients with asymptomatic atherosclerosis, but having 
normal weight, normal glucose, and normal lipid lev- 
els^; and in patients with microvascular angina and 
normal coronary arteries.^ 

Foster pointed out that in "Syndrome X,'* as hy- 
pothesized by Reaven, insulin resistance and some of 
the components of "Syndrome X" are found in indi- 
viduals who are otherwise healthy.' In padents with 
NIDDM, obesity, polycystic ovary syndrome, lupus 
erythematosus, and other autoimmune diseases charac- 
terized by antibodies to the insulin receptor, rare disor- 
ders such as leprechamiism, partial or con^>lete lipo- 
dystrophy, and other endocrine diseases, insulin resis- 
tance is considered secondary, and reverts to normal 
when the primary illness is treated or controlled. In 
the nonobese hypertensive patient, however, drug 
treatment lowers blood pressure but has no effect on 
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the insulin resistance or hyperinsulinemia or their other 
metabolic effects. There is no drug available that im- 
proves insulin resistance. There is a need to further 
understand the pathogenesis of insulin resistance be- 
fore treatment can be tntelHgently planned. 

INSULIN RESISTANCE PRECEDES THE METABOLIC 
ABNORMAUTOS IN "SYNDROME X" 

Insulin resistance has been shown to occur in the 
preobese state in norraotensive offspring of hyperten- 
sive parents and appears to precede both the develop- 
ment of overt hypertension and gain or redistribution 
of body fat.* In a study over an 8-10-year follow up, 
Haffner et al. showed that high fasting insulin levels, 
or hyperinsulinemia, preceded the development of the 
metabolic abnormaliues that constitute '^Syndrome 
X' * ? Most important, hyperinsulinemia was not related 
to increased low-density lipo]3rotein (LDL) or total 
cholesterol, but in multivariates analyses, after adjust- 
ment for obesity and body fat distribution, fasting insu- 
lin continued to be significantl)' related to the incidence 
of decreased high-density lipoprotein (HDL) choles- 
terol and increased triglycerids concentrations and to 
the incidence of NIDDM."' Thissc studies indicate that 
in some patients insuUn resistance precedes obesity 
and the metabolic abnormalities of * 'Syndrome X" 
and provide further support for the primary role of 
insulin resistance. Furthermore, parental history of dia- 
betes is a risk factor for hypertension as well as dia- 
betes.^' 

Because insulin resistance accounts for about 25% 
of nonobese hypertensives and for about 20% of pa- 
tients with angina-like syndrornc, it has been suggested 
that persons be screened for insulin resistance, particu- 
larly if there is family history for hypertension, 
NIDDM, coronary artery disease, and obesity. It 
should be pointed out that insulin's role in atheroscle- 
rosis was noted in the 1960i;,'°"'' and a number of 
metabolic studies have confiimed the importance of 
insulin action in '^Syndrome X" and obesity.'* The 
hypothesis is that * 'Syndrome X** and obesity, whether 
genetically determined or acquired, might act through 
insulin resistance to cause tlie metabolic abnormali- 
ties.'* It has been recommended that **Syndrome X" 
be renamed ''Insulin Resistance Syndrome/*^ 

INSUUN RESISTANCE: DIABETES 

Caro refers to Himswortb in 1936 as stating that 
human disease could be associated with insulin resis- 
tance.'* The cellular mechaiiiism of insulin action is 
still not known. The principal site of insulin-mediated 
glucose disposal is the skeleial muscle. The transport 



Table I. Enviroimicntal Factofs Influencing Insulin Action. 
Increasing Insulin Resistance, or Decreasing Sensitivity to Insulin 
and Second ary Hypcrinsurmemia 

1. Insulin action declines with increases in body weight (although 
in some patients, insulin resistance precedes the obese state). 

2. Physical activity decreases insulin resistance. 

3. Weight loss decreases insulin resistance. 

4. Alcohol increases insulin resistance. 

5. Saturated fat intake increases insulin resistance. 

6. Unoleic acid (I8:2w6) In muscle phospholipid is positively 
correlated to hyperinsullneniia. 

7. Long chain polyunsaturated fatty acids (C20-C22) in muscle 
phospholipids are inversely related to hyperinsulinemia and 
positively related to insulin sensitivity. 



of glucose into the cell is dependent on the binding of 
insulin to its receptors on muscle plasma membranes, 
which initiates a series of events that lead either to 
glucose oxidation or storage as glycogen. In normal 
subjects, most of the variance in insulin sensitivity is 
due to variations in glycogen synthesis.'* In patients 
with NIDDM, impairment in glycogen synthesis ac- 
counts for a major component of insulin resistance.** 
Defects in glycogen synthesis predominate in the early 
stages of diabetes and have been reported in patients 
with increased risk of NIDDM. A recent report found 
an associadon between polymorphism of the glycogen 
synthase gene and NIDDM.*^ The Xbal polymorphism 
of the glycogen synthase gene identifies a subgroup of 
patients with NIDDM, characterized by a strong his- 
tory of NIDDM, a high prevalence of hypertension, 
and marked insulin resistance, A significant portion of 
the variance in insulin resistance seen from person to 
person is genetically detcnnined.'® Insulin action can 
be modulated by cnvirorunenial factors as shown in 
Table I. 

INSUUN RESISTANCE AND ASYMPTOMATIC 
ATHEROSCLEROSIS 

The invesdgadons by Laakso et al. provide the first 
direct evidence that asymptomatic atherosclerosis is 
associated with the etiology of insulin resistance.* Met- 
abolic studies indicate that insulin resistance is associ- 
ated with asymptomatic atherosclerosis, even without 
significant hyperinsulinemia.* These results suggest 
that the primary events responsible for atherosclerosis 
most likely are related to insulin resistance per sc in- 
stead of the elevated insulin levels as suggested in 
previous studies/""*^ **"" The impaired glucose uptake 
in peripheral tissues (muscle) is likely to be a primary 
phenomenon in atherosclerosis, and the elevadon of 
Insulin levels is likely to be the secondary mechanism. 
As shown by Laakso et al.'' and Baron et al.,^ in 
obesity and diabetes, respectively, reduced rates of glu- 
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Tabic 2. Metabolic Abnonnalidcs Noted in Asymptomatic Atherosclerosis, Hypertension. Microvascular Angina, NIDDM, and Obe&ity 



Insulin 
Reftifitance States 



Abnormal Vascular 
Smooth Muscle 
Response 



Whole Body 
Glucose 
Uptake 



OIucosc Nonoxidatlon 
(Glycogen Synthesis) 



Glucose 
Oxidation 



Lipid 
Oxidation 



Suppression of 
Free Fatty 
Acids 



Promation of K 
Uptake During 
Hyperinsulincmia 



Asymptomatic 
atherosclerosis 

Hypertension 

MicTovascutar 
angina 

NIDDM 

Obesity 



yes 
yes 

yes 
yes 
yes 



reduced 
reduced 

reduced 
reduced 
reduced 



reduced 
reduced 



• no difference between patients and controls ' 



I subtle changes 

reduced reduced reduced 

reduced reduced reduced 



reduced 
reduced 



reduced 
reduced 



cose Uptake could be due to i:he decreased effect of 
insulin to stimulate microvascular blood flow in skele- 
tal muscle and decreased delivery of glucose. Although 
blood flow was not measured in this study/ it could 
be a factor. 

INSULIN RESIST/iiNCE AND 
MICROVASCULAR ANGINA 

In about 20% of patients with angina-like chest pain, 
coronary angiography shows normal coronary arter- 
ies." The restilts of the study by Botker el al. clearly 
establish that microvascular angina is a state of insulin 
resistance.^ The degree of hjsulin resistance is consid- 
erable in this entity, because the observed stimulation 
of whole body glucose uptake by insulin was about 
40% less in the patients than in a well-matched control 
group,^ that is, an impairment of the same magninuie 
as found in essential hypertension." NIDDM, and obe- 
sity.^^ Both oxidative glucose metabolism and nonoxi- 
dative glucose disposal rates iirc involved in NIDDM 
and obesity, but by contrast with findings in these dis- 
orders, patients with microvascular angina are charac- 
teriaxd merely by subtle changes in endogenous glu- 
cose output and lipid metabcUsm. In terms of meta- 
bolic abnormalities, microvaiscular angina resembles 
more those of essential hypertension (Table 2). Fur- 
thermore, these results suggest that the metabolic disar- 
ray of microvascular angina is primarily confined to 
carbohydrate metabolism in skeletal muscle. 

Patients with insulin resistance and microvascular 
angina develop atherosclerotic coronary artery disease 
only rarely, despite the hyperinsulinemia and modest 
dyslipidemia, suggesting chat the insulin-resistance 
syndrome may represent a variety of disorders in which 
the endocrine defect only partly determines clinical 
expression. The dau provide evidence that patients 
with microvascular angina are insulin-resistant inde- 
pendently of body mass index (BMI) and physical fit- 
ness. Botker et al. state that the concomitant occunence 
of abnormal hyperemia response to ischaemia in the 



forearm, oesophageal motility abnormalities, and irreg- 
ular broncho-constrictor responses to meihacholine in- 
halation further suggest the presence of a generalized 
disorder of smooth muscle.^ Abnormal vascular 
smooth muscle responses have also been reported in 
hypertension and NIDDM, conditions in which insulin 
resistance and subsequent hyperinsulinemia are com- 
mon features.^^ Atherosclerosis, microvascular angma. 
and hypertension in patients with hyperinsulinemia 
may represent different entities of a more fundamental 
vascular disorder. Thus, insulin resistance syndromes 
share some defects but differ in others, suggesting that 
the underlying mechanisms must differ in part. 

Table 2 is a summary of the metabolic abnormalities 
noted in asymptomatic atherosclerosis, hypertension, 
microvascular angina, NIDDM, and obesity. All these 
diseases have in common abnormal vascular smooth 
muscle response in addition to insulin resistance. 

FATTY ACI0S AND INSULIN RESISTANCE: 
A HYPOTHESIS 

Table I includes a nimiber of environmental factors 
that influence insulin action. Diet is one factor of major 
importance. Both diet and physical activity influence 
insulin action. Saturated fats and alcohol increase insu- 
lin resistance, whereas physical activity decreases it. 
Dietary polyunsaturated fatty acids (PUFA) influence 
the level of both plasma and membrane phospholipid 
fatty acids. Complex interactions and displacements of 
the omega-3 and omega-6 fatty acids take place in 
plasma and cellular lipids after dietary manipulation. 
Early steps of cell activation, such as generation of 
inositol phosphate, indicate that diet-induced modifi- 
cations of PUFA at the cellular level affect the activity 
of the enzymes responsible for the generation of lipid 
mediators in addition to the formation of products (ei- 
cosanoids) dkecdy derived from their fatty acids pre- 
cursors. This shows thai dietary fats affect key pro- 
cesses in cell function.^ Omega-3 fatty acids, espe- 
cially the incorporation of docosahexaenoic acid 



PAGE 88/109 * RCVD AT 1/20/2005 10:49:11 AM [Eastern Standard Time] * 8VR:USPTO-EFXRF-1/0 * DNIS:8729306 * 0810:2033356899 " DURATION <mm-ss):79-02 



01/20/2005 12:54 FAX 2033356899 



Coleman Sudol Sapone P.C 



@]0d9 



370 



A. P. SiMOPOULOS 



Table 3. Factors That Decrease C20-C22 Long Chain 
Polyunsaturated Fatty Acids (PUFA) in Muscle Phospholipids 

Decreased intake of C20'CZ2 
Increased linoleic acid (I8:2w6) intake 

Factors interfering with desaturation and elongation of 18:2w6 and 

18:3w3 lu C20^C22. such as mcreiised trans fatty acid intake 
Genetic defects in delta^ and delta-5 desaturase 
Increased catabolism of aracbidonic iicid (AA) 



(DHA) into phospholipids, prevent the expected insu-. 
lin resistance in rats fed a high fat diet,^ Differences in 
the content of muscle membnine C20-C22 long chain 
PUFA have been shown to coirelate with insulin sensi- 
tivity in human beings.^' Specifically, decreases in 
C20-C22 long chain PUFA were associated with in- 
creased insulin resistance. The amount of arachidonic 
acid (AA) in muscle membrane phospholipids was 
found to be inversely propoitional to fasting insulin 
levels in patients with coronary artery disease.'* In 
normal individuals, AA and (he total C20-C22 corre- 
lated positively with insulin ciensitivity. Of interest in 
the Borkman study is the finding that in patients with 
coronary artery disease, linoleic acid (18:2w6) corre- 
lated directly with hyperinsul^nemia, but not in normal 
controls.-^* A recent study showed a direct correlation 
between dietary intake of 18:2w6 and coronary artery 
disease.^^ Because PUFA inti;ike influences insulin re- 
sistance, it is essential that wc: examine the factors that 
lead to a decrease of C20-C^:2 as well as an increase 
of linoleic acid in muscle laembrane phospholipids 
(Table 3). 

The current food supply its relatively low in AA» 
EPA, and DHA, whereas it is higher in 18:2w6 and 
relatively lower in 18:3w3 v/hen compared to paleo- 
lithic nutrition on which humans evolved and for which 
humans were genetically pnjgrammed''''^ (Table 4). 
The reasons for the enormous increase of 18;2w6 are 
the indiscriminate use of vegetable oils and the recom- 
mendation to substitute marjsarines for saturated fats 
in the diet in the past 40-50 years.^"^' Margarines 
contain both I8:2w6 and trariis fany acids. Trans fatty 
acids interfere with the desatjration and elongation of 
18:2w6 and I8:3w3, further contributing to decreases 



Table 4. Polyunsaturated Fatty Acid Contetu in Typical Western 
and Hunter-Gatherer Diets (g iratty acid type/person/day) 





Linoleic and 


Long Chain 






Linolenii: 


w6 and w3 


w6/w3 


Diet 


Acids 


PUFA 


Ratio 


Western diet 


12.3 




12 


Hunter- gatherer diet 


3.3 


Z3 


2.4 



Modified from Ref. 33. 



in C20-C22 long chain PUFA." In liver cell cultures, 
AA, eicosapentaenoic acid (EPA), and DHA decrease 
fatty acid synthase by decreasing its mRNA produc- 
tion.^' A decrease in C20-C22 leads to increased fatty 
acid synthase, lipogenesis, fat deposition, and obesity. 
In rat studieSt trans fatty acids increased 18:2w6, while 
lowering AA in tissue phospholipids, indicating inhibi- 
tion of delta-6 desaturase. In these studies, there was 
ah increase in fat cell size." 

Kuller reported that women who consumed marga- 
rine four or more times per week weighed 2.3 kg more 
and had significantly lower HDLj and higher total cho- 
lesterol and triglycerides dian women who consumed 
margarine less frequendy.^ The difference in weight 
between the two groups was unexplained because they 
repotted similar energy intake and physical activity. In 
Kuller*s study, the difference in weight is due most 
likely to the effect of trans fatty acids inhibiting desatu- 
ration and elongation of 18:2w6 and I8:3w3, resulting 
in lower levels of C20-C22 PUFAs in cell membranes 
with a subsequent increase in fatty acid synthase, lead- 
ing to lipogenesis and obesity and/or to hyperinsuli- 
nemia, leading to decreased fatty acid oxidation, fol- 
lowed by lipogenesis and obesity.'^' Siguel andLerman 
determined plasma trans fatty acid levels in patients 
with angiographically documented coronary artery dis- 
ease and concluded that dietary trans fatty acids are a 
cardiovascular disease risk factor.'*^ 

Figure 1 presents a hypothetical scheme of how a 
decrease in C20-C22 from (I) a decrease in dietary 
intake per se, (2) increased dietary intake of trans fatty 
acids, (3) an increased intake of 18:2w6, or (4) genetic 
defects in delta-6 and delta-5 desaturase may lead to 
a decrease in C20-C22 muscle cell membrane phos- 
pholipids. Such a decrease leads to insulin resistance 
and hyperinsulinemia, with the subsequent develop- 
ment of obesity, hypertension, NIDDM, and coronary 
artery disease (including asymptomatic atherosclerosis 
and microvascidar angina). Because all these condi- 
tions have strong genetic determinants, their develop- 
ment will depend on the interaction with environmental 
factors (diet, alcohol, physical activity). 

CONCLUSION 

Assuming that insulin resistance is the patho{^ysio- 
logic component of the various mechanisms involved, 
it should be measured to identify those at risk and 
intervene. Because all obese individuals and NIDDM 
patients are insulin-resistant, there is no need to mea- 
sure insulin resistance in them. Normal weight individ- 
uals with hypertriglyceridemia, low HDL, hyperten- 
sion, coronary artery disease, and angina, as well as 
the offspring of dis^tic and nonobese hypertensive 
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Fig. 1. A hypothetical scheme of the effects of d&etary C20-C22 FUFA oa the composition of the C20-C22 PUPA in slceletal^ 
mtiscle membrane phospholipids and dteir relationship to insulin resistance/hyperinsulinemla and chronic diseases (obesity, 
NIDDM. hypertension. coronaTy artery disease). 



parents and those with a family history of heart disease, 
should be checked for insulin resistance* Furthermore, 
because drugs are not yet available for treating insulin 
resistance, changes in diet an<i increase in energy ex- 
penditure should be recommended because weight loss 
and an increase in physical fictivity decrease insulin 
resistance. Interventional studies are needed to deter- 
mine whether insulin resisi:ance can be lowered 
through early treatment^ by preventing the decrease in 
C20*C22 through a diet low m trans fatty acids, ade- 
quate in foods rich in AA (lean meat, fish, and eggs) 
and EPA and DHA (fish or fish oils), and balanced in 
18:2w6 and I8:3w3 PUFA. 
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The Influence of Diet on the 
Appearance of New Lesions in 
Human Coronary Arteries 

David H. Blankenhom. MO; Ruth L. Johnson. RD, MA; Wendy J. Mack. PhD; Hafez A. El Zein, MD; Laura I. Vailas, RD. MS 



The Cholesterol Lowerinci Atherosclerosis Study, a rarKlomlzed, placebo-con- 
trolled trial of blood lipid lowering* demonstrated significant benefit In 2-year 
coronary angiogrants. Using angiograms of subjects in the Cholesterol Lowering 
Atherosclerosis Study who received a placebo and 24-hour dietary recafl data, 
we performed an epidemiologic study of risk factors for formation of new athero- 
sclerotic lesions. Age and baseline plus on-trial lipid levels, blood pressure 
levels, and diet variables v/ere included. Significant dietary energy sources were 
protein, carbohydrate, al&^hot, total fat, arxJ polyunsaturated fat. Each quartile of 
increased consumption of total fat and polyunsaturated fat was associate with a 
significant increase In risk of lesions. Iruyeased intal<e of lauric. oleic, and 
linolelc acids signifteantly increased risk. Subjects In tne unolesteroi Lowering 
':Ain5)rodclerDsis Stuoy \rv'tA\on\ new lesions did not develop increased dietary 
protein to compensate for reduced intake of fat by substituting kiw-fat meats and 
dairy products for high-lat meats and dairy products. Ttiese results indicate that 
when total and saturated I'at intakes are reduced to levels recommended by the 
National Cholesterol Education Program, protein and carlTOhydrate are pre- 
ferred substitutes for fat calories, rather than monounsaturated or polyunsaturat- 
ed fat 



THE EVIDENCE for an association 
l>etween diet and morbidit^'^ and mortal- 
ity from coronary heart disease is sub- 
stantial The pioneering studies of 
Keys' in the Seven Countries Study 
demonstrated a significant asaociation 
oi high entry-level intake of dietary cho- 
lesterol and ^turated fatty acids with 
high mortality rates from coronary 
heart disease at 5, 10, and 16 years.' At 
15 years, mortality rates t orn coronary 
heart disease had a signifitant negative 
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Angales. 

Rsprint mqiuosts (o Atr>efQ8clen7S:s Rasearch Insti- 
tute. Unfverstty of Southern Cslitomlfi. RMR 102, 2025 
Zonal >We, Loa Angelas. OA 90033 (Dr StankenhomV 



(JAMA. 1990^:1946-1662) 



correlation to the intake at baseline of 
monoansaturated &tty acids. Similarly, 
the Western Electric Study* and 
the Ireland-Boston Diet-Heart Study* 
found a positive correlation between 
Keys and Hegsted Bcores (measures of 
dietary intake of cholesterol and satu* 
rated and polyunsaturated fEitty adds) 
and 1^ and 20-year mortality rates fh>m 
coronary heart disease, respectively. In 
addition, animal studies have shown 
clear evidence that dietary change infhi- 
ences progression and regression of ath- 
erosclerosis." 

Severe restriction of caloric intake 
f^ra all sources, including fat, can re- 
duce coronary atherosclerosis; Diet de- 



privation during World War I resulted 
in a reduction of atherosclerosis found at 
autopsy in Germany* and World War II 
produced similar, events in Scandina- 
via,*" Wilena" reported reduced ath- 
erosclerosis in patients dying of wasting 
disease. However, a recent angiograph- 
ic study, the Leiden Intervention Trial, 
provided evidence that a vegetarian 
diet that produced only minimal weight 
loss could reduce the progression of ex- 
isting coronary atherosclerosis lesions 
in some patients." The Leiden trial did 
not consider formation of new lesions, 
and there are no published data for hu- 
mans on this subject. 

We have previously reported that 
drug therapy with colestipol plus niadn 
in the University of Southern Califor- 
niafe Cholesterol Lowering Atheroscle- 
rosis Study (CLAS) produced signifi- 
cant an^ographic evidence of benefit in 
patients who had received aortocoro- 
nary bypass grafts,"" Dietary inter- 
vention in the CLAS consisted of a mon- 
itored reduction in the intake of fats and 
cholesterol while subjects consumed in- 
dividually self-selected diets. Our an- 
giographic assessment included evalua- 
tion of all lesions with greater than 20% 
diameter stenosis, and in a previous 
publication" we identified X8 placebo re- 
cipients among a group of 82 in whom 
new native coronary artery lesions de- 
veloped. 

TWO large autopsy studies have 
shown that the extent of coronary lumi- 
nal surf^ covered by visibly raised le- 
sions Is a significant determinant of risk 
of death from myocardial infarction."*" 



1646 JAMA. March 23/30, 1fi90-Vbl 263, No. 12 
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In one of these,** the extent of raised 
lesions was prime among significant 
coronary morphological determinants 
of risk for myocardial infarction. Since 
angiograms provide information about 
the extent of raised coronary lesions and 
we had obtained standardizect 24'haur 
diet recall records during the CLAS, 
our placebo-treated subjects offered an 
opportunity for prospective observa- 
tion of dietary effects fif any) on early 
changes in coronary artery anatoniy 
that relate to prevention of myocardial 
infarction. We report herein u conven- 
tional epidemiologic evaluaticn of diet 
intake and change in disease' latatus, in 
this case the presence or abserice of new 
raised coronary lesions during a 2-year 
observation interval. 

METHODS 
Study Population 

The CLAS was a randomizijd, place- 
bo-controlled, angiographic ixial that 
recruited nonsmoking men, aged 40 
through 59 years, with progressive ath- 
erosclerosis who had undergone coro- 
nary bypass surgery. Screening proce- 
dures and criteria for exclusion, as well 
as standard visit protocols rmd inter- 
vention goals, were reportecil earlier.** 
One hundred eighty-eight subjects 
were raiidoznized into two equally sized 
treatment groups: 162 completed the 
stu(fy, 82 of these were placebo treated. 
Average age at entry of all pUicebo sub- 
jects was 54.5±0.5 (SEl^ ;/ears and 
average blood pressure was 125 ±1.5 
(SEM)/80± 1.0 mm Hg. Thirty percent 
had never smoked and 70% were ex- 
smokers for more than 6 raoni4ia prior to 
trial entry. Twenty-four-hour urine 
specimens were covertly examined for 
nicotine and cotinine every 6 months 
and were positive in one subject once 
and one other subject twice in a 2-year 
period. Levels of phymcal activity were 
moderate, as judged by energy expen- 
diture estimated by questioimaire and 
comparison of caloric intake recorded 
for 7 days before eadti clinic visit with 
body weights." 

Diet Goals 

Dietary goals for the placebo-treated 
group were total fai calories to provide 
26% of energjr, less than 5% of energy 
from saturated £at, 10% of ener^ from 
polyunsaturated fet, 10% of energy 
from monounsaturated fat, and less 
than 260 mg of cholesterol per day. A 
comparison of the CLAS plaeebo group 
diet prescription with published Na- 
tional Cholesterol Education Program 
(NCEP) guidelines for step 1 and step 2 
diet therapy" appears in f±e "Com- 
ment" section. 

JAMA. March 23/30, 1990- Vol 2a3. No. 12 



Diet Counseling 

We emphasized the importance of se- 
lecting an acceptable, affordable diet, 
compatible with each subjectls life-style 
and culture. Atan initial visit, the nutri- 
tionist explained the relationship be- 
tween diet and blood lipid levels. At 
every visit during the trial, a computer 
printout of the nutrient content of food 
intake during the previous 7 days (re- 
corded on mark-sensitive cards) was re- 
viewed with each subject and discussed 
in relation to recent blood lipid levels. 
This approach was used to modify pro- 
gressively the diet eaten by each sub- 
ject to meet CLAS goals. Fbur optional 
weekly group counseling sessions that 
involved the subjects and their families 
were held soon after randomization. A 
bimonthly newsletter that contained 
nutrition information, fat-modified reci- 
pes, and an iqxlated restaurant guide 
was sent to all subjects. 

Diet Measurement 

Standardized 24-hour dietary recalls 
were recorded by nutritionists certified 
by the University of Minnesota Nutri- 
tion Coordinating Center.""" A total of 
tiiree 24-hour dietary recalls was sched- 
uled for each subject: at baseline and the 
end of 1 and of 2 years in the trial. The 
recalls were processed by the Nutrition 
Coordinating Center for nutrient con- 
tent and constituent food groups using 
the Nutrition Coordinating Center^ da- 
tabase version 10. 1.° Major food groups 
were divided into animal, vegetable, 
and mixed sources of protein. Protein 
sources of animal origin were classified 
as follows: (1) low^fat meats «10% fet) 
and Mgh-fat meats (^10% fat), (2) low- 
fet d^ products (<2% fat) and hi^- 
£at dairy products (^2% fat), and (3) 
other protein sources (principally pro- 
tem ftom eggs and egg whites). 

Data Collection 

Angiographic— Baseline coronaiTr 
angiography was performed immedi- 
ately before randomization. A repeated 
angiogram was performed at 2 years by 
the same angiographer, who was blind- 
ed to the treatment assignment. Coro- 
nary angiogram evaluation procedures 
have been described previously in de- 
tail. All lesions with greater than 20% 
diameter stenous were identified. Film 
.pairs that showed identical corons^ ar- 
tery views were mounted side by side on 
two B5-nun fihn projectors (Vanguard 
Instrument Corp, Melville, NY) and 
viewed, simultaneously by two expert 
angiographers who did not know the 
subjects demographic and clinical char- 
acteristics or treatment assignment or 



the temporal order of the angiograms. 
They were not shown ventriculograms 
and other angiograms. Working inde- 
pendently, the two angiographers iden- 
tified all visible lesions in one film (tem- 
poral order assigned at random), 
recorded this information, and then 
shared it to reach a consensus. Next, 
they examined the second film along- 
side the first and compared all lesions 
first separately and then in consensus. 
After all film pairs (plus a random 17% 
duplicate sample) were evalnatedi the 
code for the film order was broken. Le- 
sions recorded in a later angiogram but 
not in a first were considered new le- 
sions. 'Hiirteen among the 18 subjects 
with new lesions reported herein had a 
single new lesion, 3 had two new lesions, 
and I each had three and four new le- 
sions. Fifty-seven percent of new le- 
sions were in ungrafted patent arteries, 
4% were proximal to complete ooduaion 
in an ungrafted artery, 23% were proxi» 
mal to open grafts, 8% were distal to 
open grafts, and 8% were dist^ to 
closed grafts. A new lesion in the distal 
circumflex coronary artery (ungrafted) 
is illustrated in the Figure. 

Body Weight and Plasma Lipids.— 
Body weight and plasma lipid levels 
were measured at every visit." Base- 
line values are the mean of the first 
three screening visits. Ristrandomizar 
tion visits were scheduled every month 
for the first 6 months and bimonthly 
thereafter. On-trifll values are the aver- 
age of individual means weighted by the 
scheduled interval between treatment 
visits. 

Dietary.— Baseline dietu-y nutrient 
data were obtained from the 24-hour 
dietary recall completed at entry. On- 
trial dietary nutrient data were the 
mean values fbr two recalls completed 
at the end of 1 and 2 yeais after random- 
ization. Two subjects completed only 
one on-trial recall and values from this 
recall were used for them. The assump- 
tions used to extrapolate overall con- 
sumption during the span of the CLAS 
from three standardized 24-hour recalls 
are modeled on those used for aoalysis 
of the Multiple Risk Tactov Interven- 
don TricJ^ although our study included a 
smaller number of study subjects." 
Comparison of caloric intake with 
weight change in our atu^y suggested 
more complete recall than was obtained 
in the Multiple Risk Factor Interven- 
tion Trial. In Uie Multiple Risk Factor 
Intervention OVial, a 4-year average, 
500-calorie deficit per day from baseline 
intake was not reflected in long-term 
weight change. In our study, all placebo 
recipients reported 10.7 kcaWb per day 
at baseline and 10.9 kcal/lb per day dur- 
ing the trial. They showed no change in 
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weight, and tijeir reported i:aloric in- 
take is compatible with estimates de* 
rived from resting metabolic rate mea- 
surements in sedentary men. " 

Statistical Methods 

Univariate and multivariafie logistic 
regression analyses were performed to 
determine which dietary varisibles were 
significantly associated with the devel* 
opment of new lesions. From iJiese ana- 
lyses, crude and adjusted oilds ratios 
(baseline age, diet, and plasma choles- 
terol and blood pressure ksvels) aiii 
their assodoted 95% confidence inter- 
vals were determined. Diel:ary vari- 
ables whose confidence intervals did not 
inchide 1. 0 wiere considered to be signif- 
icantly predictive ctf lesaon dev^op- 
ment. 

Stepwise logistic regresaiaa analyses 
were used to.determine whi'^h dietary 
variables were independently signifi- 
canUy related to development of new 
lesions. 

RESULTS 

Baseline and on-trial dietary vari- 
ables are sunmiarized lesic^n group in 
Table 1. Both groups repotted lorwer 
intake of cholesterol and tcital fat at 



baaehne than was reported by free-liv- 
ing men of their age range in the liJation- 
al Health and Nutrition Evaluation 
Study n, where levels were 437 mg/d of 
cholesterol and 37.7% of energy from 
total fat." Table 2 presents clinical 
variables. 

Table 3 presents univariate logistic 
odds ratios and 95% confidence inter- 
vals for each dietary variable at baseline 
and during the trial. Each dietary vari- 
able was adtjusted for age^ systolic blood 
pressure, md total plasma cholesterol 
(Table ^ After Uus adjustment, no 
baseline dietary variable was signifi- 
cant Mean on-trial protein (percent of 
energy) was significant protective; 
those Bubjects not showing new lesions 
reported consumption of more protein 
daring the trial than did subjects in 
whom new lesions developed. In con- 
trast, mean on*trial higher percents of 
energy from total M and polyunsatu- 
rated fat significantly increased the risk 
of new lesions developing. 

On-trial food sources of protein were 
examined to determine which mi£^t be 
predictive of lesion development. Con- 
sidering high-fiat meat, low-fiat meat, 
high-£at dr^ry products, bw-fet dairy 
products, vegetable protein, mixed pro- 
tdn (animal plus vegetable), and miscel- 



laneous protein (principally egg white) 
in logistic regression analyses, low-&t 
meat emerged as a significant protec- 
tive factor (odds ratio, 0.83; 95% confi- 
dence interval, 0.69 to 1,00). In addi- 
tion, the combination of low-fat meat 
and tow-fat dairy products was signifi* 
cantiy protective agaiimt lesion devel* 
opment (odds ratio, 0.32; 96% confi- 
dence interval, 0.69 to 0.96). No other 
protein sources were significantly asso- 
ciated with lesion development. 

Trends in risk by increasing levels of 
mean on-trial fats were examined by 
dividing the entire subject group by 
quartil^ according to on-trial £at con- 
sumption. In Table 4, an odds ratio of 
the lowest quartile of fat coi^umption 
set to 1 serves as a basis to coiApare odds 
ratios Gf risk in higher quartUes of 
£at consumption. Each quartile of in- 
creased consumption of total fkt, satu- 
rated £at, and polyunsaturated &t is as- 
sociated with increased risk; the trend is 
significant for total fat and polyunsatu- 
rated fat, confirming the results shown 
in l^ibleS. Ihe 95% confidence limits of 
the odds ratios of highest quartile con- 
sumption of total fat^ monounsaturated 
fat, and polyunsaturated fiat all exceed 
1. 

Individual dietary fatty .adds were 
analyzed to determhie which, if any, 
spedfic fatty acids might be responsible 
for this association. Because of the rela- 
tively low levels of consumption of many 
fatty acids, quartiles of percent energy 
consumption for eadi &tty acid were 
computed usmg the entire sample of 
sulitjects. Categories of consumption 
were dichotomised above and below the 
third quartile. After adjusting for plasr 
ma triglyceride levels, three on-trial 
&tty adds emerged as significant risk 
&ctorB for development of new ledons. 
These were consumption of more than 
0.22% of energy firomlanric add (17% of 
the group with no new lesions vs 50% of 
the group of subjects who developed 
new lesions [odds ratio, 4.56; 95% confi- 
dence interval, 1.45 to 14.32JX con- 
sumption of more than 11.33% of energy 
fhrni oleic add (19% of the group with no 
new lesions vs 44% of the group of sub- 
jects who developed new lesions [odds 
ratio, 3.27; 96% confidence interval, 
1.05 to 10.22]), and consumption of more 
than 9.73% of energy from linoldc acid 
(20% of the group with no new lesions 
compared with 44% of the group of sub- 
jects who developed new lesions [odds 
ratio, 3.25; 95% confidence interval, 
L06 to 10.031). 

The relationship between dietary (at 
and plasma lipids was examined by com^ 
paring mean on-trial lipid levds be- 
tween groups dichotomized at the medi- 
an level of on-trial total fot, 29% 
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Tatfe 1.-Mean Baseline and OnrTWal Amounts ol Nutrients lor Sutjocts WKh ftew Lesions (n=»18) and 





On-1Hal Amounts* Mean (SEM) 


Nt 


Kew tjeatons New tOBtona 


No New Lesions 


Newfjestons 


:^vr«t 1803J (85.7) 


1900.9 (143.7) 


1835.9 (S3.1) 


1953.0 (84.3) 


rfllonos from proton, % 


17.B (0,6) 


15.9 (1.1J 


17.4 (0.4) 


15.0 (a6) 


cdonBS froffi carbobydret©, % 


45.2 (1.S) 


52.9 (3.4) 


S2.3 (1.3) 


50.6 tZ.1) 


CfltorteslromWalfat.* 


32.9 {1.4) 


31.1 (2.1) 


27.5 (1.0) 


34.1 (1.9) 


?^nkifie9 tramsatuTBtad fat, % 


11.3 (0.6) 


ia7 (1.0) 


7,4 (0.4) 


9.2 (0.9) 


Caloriea from pdyunsaturatad fai, % 


e.7 (0.5) 


&1 (0.6] 


8.6 (0.4) 


10.9 (08) 


raloftea from inonounsalufBtBd fat, % 


1^4 (0.6) 


11.9 (1.0) 


0.3 (a4) 


11.3 iiJO) 


Potyunsaturated/saturatad fat raUo 


0-73 (0.07) 


0.71 (0.13) 


1.36 (aoT) 


152 (0.19) 


Caloria» from alcohol. % 


5.5 (as) 


1.8 (0.6) 


5.0 (as) 


3.0 (1X1) 


ChotestafO<.fn9M 


S78.4 (27.8) 


194.0 (37.2) 


166.7 (15.5) 


155.7.(28-3) 


Catciuffi. mo^ 


BS9.Z (61.8) 


690.5 (87.1) 


950.6 (48.6) 


828.8 (62.1) 


Table 2.-Mean Baselne and On-Trtal CPnicd Measures tor Sutjjects VWlh New Lestons (n=lB) and 
Wtthout New Lestons (n-e4) 


Baseline IV 


ie*sare«.tla 


an(SEM) 




NoNflwtaBione Ni 


>w Ljestona Ho Mew Lesions 


New Lestons 


Reialfve weight M» 




1.18 


1.19 


1.18 


VMML lb 177.7 (2.9) ' ITSJJ (3.9) 


176.6 (3.1) 


176.1 (OB) 


hcaWb 10.7 




10.7 


104 


11.0 


-T%;tBlchol86terol.m9ftlL* 243(4) 




242 (8) 


230 (4) 


240 (11) 


LDLt cfwtestarol, mg/dL 1 70 (4) 




16S (7) 


158 (3) 


164 (9) 


•To ttrwBrt chdestBrol In mlHHrans per decltter to maOmolas per Kter, muKpty by 0.02586. 
not Indicates low*den5Sy npoprotein. 




TWe 3.— Unh^arfate Dietary Inteke A&si>cialtoas With 


New tjeston Devstopment* 






BaseBna Assodtttone 


MeanOn-lHal 
AsBoelattoftt 




on 


96% a 


on 






1.00 


1jOO>1.00 


1.00 


1.00-1X0 


Caloriaa fiom protsla % 


0^ 


0.82-1.08 


0.72 


0.97-032 


Calorlea ftom c^txihydraia. % 


1.0S 


1.00-1.11. 


a93 


0.82-1w04 


Cdories been total fat % 


0.97 


os2-i.oa 


1.11 


1.02-1.20 


Coloffes tram satirated tat, % 


0^ 


a84-1.09 


1.13 


0.95-1.35 


Calbries f rem pdyunsaturaled fat. % 


a93 


0.77-t.tl 


1.28 


1X7-1.53 


Catorles from monounaaturated fat, % 


0.89 


0.65^1.08 


1.15 


0.97-1.38 


Calories ftom Olcohal, % 


0.92 


0.80-1.06 


0S7 


0.87-1.06 


Choleeteid.mgM 


1.00 


0.99-1. 00 


1.00 


0.99-1.00 


Caidixn,mgM 


1.00 


1,00-1.00 


1.00 


1X0-1.00 



•Ofl fcidlcaJes odds ratio; and 95% CI. 95%conndBnce WoraL The OR represents chanse to i^tar ^pn 
dewetoprosnt per urvt diange ol a given vsiteble. For example, a subjectls risk tncreafiea by a rmiivllcfltlwe'toctor 
of 1.11 for ea£li increase of t%otcatoftesftoramBsnon>titol total teL 



of calories. Ibta) plasma cholester- 
ol levels were sigrdficantly different 
(t=2.01; ^=.048) between the two 
dietary fat groups. At or belo^^ the me- 
dian level of dfetary fat. the ntiean total 
plasma cholesterol level was 2:24.5+4.9 
(SEM) mg/dL (5.80±0.16 nimol/L); 
above the median level c£ dietary 
fat, the total cholesterol level was 
240.1 ±6.1 mg/dL (6,20±0.15 ramol/L). 
Levels of plasma triglycerides, high- 
density lipoprotein cholesterol, low- 
density lipoprotein cholestcirol, and 
noi>-high-density lipoprotein H:holester- 
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ol were not significantly different be- 
tween the two dietary fat intake groups. 

Tb determine if a relatively shorts 
term (2'year) change in dietary habits 
can influence the development of new 
lesions, logistic regression analyses 
were performed on dietary change vari- 
ables (baseline minus on-trial valuesX 
Tb adjust for any differences in baseline 
dietary levels between the two lesion 
groups that might confound the rela- 
tionship between dietary change and le- 
sion development, baseline values for 
eaclt dietary variable were also included 



in the logistic regression model. Table 5 
presents the results of summary data 
for dietary diange as well as the results 
of the logistic regression analyses. The 
group of subjects who developed new 
lesions showed a larger mean decrease 
in percent of energy intake from piti- 
teins, while those subjects without new 
lesions increased mean protein intake. 
Decrease in protein intake was a signif - 
cant risk factor for lesion development. 
The decreased percents of energy from 
total, polyunsaturated, and monounsa- 
turated fat were significant protective 
factors. In this context, the group in 
whom new lesions did not develop . 
showed a mean decrease in total fet in- 
take, while the group in whom lesions 
did develop had an overall mean in- 
crease in total fat. Although both 
groups increased their mean percent in- 
take from polyunsaturated fata, this in- 
crease was larger for the group of 
subjects who de^oped new atheroscle- 
rotic lesions. In addition, decreases in 
mean percent of calories from monouD- 
saturated faits were larger for the group 
in whom new lesions did not develojx 

T^le 6 presents restilts of two sepa- 
rate stepwise logistic regression ana- 
lyses. In the first model, with all vari- 
^les competing, greater percent of 
energy from mean on-trial protein, 
greater on-trial decrease in total di- 
etary fait and greater age and alcohol 
intake at study entry emerged as inde- 
pendently significant protective fac- 
tors. In the second stepwise analysis, 
the variable total M at baseline and 
during the trial was not allowed to com- 
pete in the stepwise model, but all other 
variables, including saturated, ipolyun- 
saturated, and monoimsaturated fat 
variables* were allowed to compete^ Re- 
sults of this analysis indicate tl^at greats 
er percent of energy from mean on-trial 
protein, greater baseline alcohol intake, 
otv-trial increase in carbohydrate in- 
take, and decrease in polyunsaturated 
fat intake veere independently protec- 
tive. 

COMMENT 

The majority of <XAS placebo recipi- 
ents (n = 64) did not develop new lesions 
during a 2-year observation interval, 
but there were 18 subjects who did, and 
we applied a traditional epidenuologie 
approach to evaluate dietary differ- 
ences between Uie two groups. We daa- 
sified subjects with new lesions as "dis- 
eased" and those without as "nondis* 
eased" and computed risk Cor deveiop- 
ment of new lesions after baseline dif- 
ferences in age, blood pressure, blood 
lipid levels, and diet were taken into 
account. Our analysia acijusted for 
shortrterm differences between sub- 
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Table 4.-Ftalattve Rteka tor Leslcn Devetopment by Quardlss of Mean OnTriat Dletaiy Fats* 





Na ol No. of 
Patients Witt) Patients WRhoul 
New Lesions New Lestons 


on 


95% Ct 


Calories from lotal tat % 
0-23.0 


1 


20 


1.00 




>23.0-».0 


4 


16 


5.00 


0.51-49.27 




S 


15 


067 


0.71 -63.19 


>33if 


a 


13 


12^1 


i^-iiasi 


Cektfids from saturated (sti % 
0-5.2 


3 


18 


liX) 




>5.2-7.1 


3 


17 


1.06 


0.1»6.98 


>7.t-10.1 


5 


16 


A AT 


0.394 12 


>10.1 


7 


13 


3.23 


0.70-14.91 


Catorios from polyunsahKated fat. 
0-6^ 


1 


20 


l/K) 




>6J-8.6 


3 


17 


3.53 


0.33-37.15 . 


>8.6-lt.1 


6 


14 


B.S7 


0.93-79.27 


>ll.1 


8 


13 


12.31 


1-37-110.31 


Calorfes from monounsaturaled fat, % 
0^9 


3 


18 


t.00 




>6M8 


5 


IS 


2.00 


.0.41-9.78 


>0.8-12.3 


1 


20 


0.30 


0.03-3.15 


>12.3 


0 


11 


4.91 


1.09-22.15 


•on indicates odds ratio; and 95% CI, 95% confktence intenraL 








Table S.-Assodatlons Between <:hangft In Dietary Intake and the Development o1 


New tenons* 




Mean Change (SEU) 
No New Leelon* New Leatona 


OR 


95%a 


TotallEcai 


B7^ (95.4) 


-49.1 (171.4) 


IXW 


1.00-1.00 


Caloifes from protein, % 


-0.4 (0,6) 


1.0 (IjO) 


1.37 


1.09-1.75 


Catortee from cartjottydraie, % 


-7.1 (1.6) 


2.3 (2.5) 


1.05 


0.98-1.12 


Caforfea from total fat. % 


SJ3 (1.8) 


-3.0 (2.5) 


0.90 


0.63^.98 


Cartes horn aatufated (at % 


3.9 (a7) 


1.5 (1.1) 


0.88 


a75-1iM 


Calohes Irom polywmturated tat *.» 


-1.9 (as) 


^4.8 (1.0) 


0.78 


0.6&C.03 


Calories Irom monounsaAurated fad, % 


3.1 (0.B) 


0.7 (t.O) 


0.86 


0.73-1.03 


Calories from alcoliot % 


0.5 (1.0) 


-12 (1.2) 


1.01 


^ 0.9M.12 


Cholesterol, mg/d 


111.7 (33.0) 


38.3 (39.3) 


1.00 


1.0<M.O1 


CatCfuntmoM 


-91.4 (873) 


-138.3 (8316) 


1.0O 


1jOO-1J)0 



' *OR bidlcatea odds ralb; and 9!S% Ct 95% conftdenco interval. Dietaiy change variabtes wme eomcutsd as 
baseline minus mean on-trtd value. Thus, an OR less ttian 1 .00 means matadecroaseEnihfs (Jlatafy varlablais a 
protective tador, and an OR greatei ttian 1 jOO means ttiat a dociease In the dietary variable Is a risk fador for lesion 



l^ble 6.— Stepwise Logfatk: Regiesakvi Results* 





on 


99% CI 


P 


Analysts 1 
Catories from msan on-trial proteA % 


0.70 


0.54-O.SO 


X>12 


Calories from tnsefine alootal, % 


0.32 


a690.&7 


j019 


Changs in % of calories from toieil (at 


0.92 


0.07-0.98 


.014 


Age at study entry 


0.88 


0.74-1.00 


.05 


Analysb2 
Catories from mean orHrtal pralciin. % 


0.70 


0.54-0.90 


.006 


Calories from baseline akotid, 


0.80 


0.67-0.06 


.017 


Change In % of calories from carbotr/drates 


1.06 


1.00-1.12 


.041 


Change in % of calories from pof/unsaturoted tot 


0.65 


0.73-0.99 


.042 



*OR NflcalDS odds rstto; and S6% Cl, 05% confidence Intervat. VWiablas are Bated in the order entered imo tfte 
i model. 



jects at trial entry, but nof: for long-term 
factors, except age. I^e eignificant pro- 
tective effect of age (odds ratio» 0.86; 
95% confidence interval, 0.74 to 1.00)^ a 
result of the CLAS entr;^ requirement 



for previous aortocoronary bypass 
grafting, will be discussed in a separate 
article. Both the number of subject^ and 
diet recall records are limited, but an- 
giographic trials typically involve fewer 
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subjects than coronary event-based tti. 
als, and this is the first information, to 
our knowledge , on dietary ejects on the 
appearance of new coronary lesions Iq j 
man. 

Placebo recipients in the CLAS were i # 
at high risk for devebping new coronary i A 
athero&cleroUc lesions because they had ' 
prior aortocoronary bypass surgery.*^ 
They also had blood levels of total cho- 
lesterol (243 ±36 mg/dL [6.30 ±0.96 
mmol/LD and low-density lipoprot^ 
cholesterol (169±31 mgi^dL [4.35±0.80 
mmol/L]) at baseline just above the cut 
point designated as high risk by the 
NCEP." On entry, they reported an av- 
erage diet intake that contained less fat 
and cholesterol than is average for 
Americans,'* but higher in total hi and 
saturated fat than is recommended by 
the NCEP. The NCEPla recommenda- • 
tiona are compared with CLAS baseline 
and on-trial intakes in Table 7. In the 
CLAS, on-trial intake of fat varied from 
an average of 34.1% of energy among 
those who developed new lesions to 
27.6% of energy among those who did 
not. The median level of total fet intake 
was 29% of total calories, and subjects 
who ate more than this amount had sig- 
nificantly higher total plasma cholestei^ 
ol Levels than sutgecta whose fat intake 
was less, than median. 

Energy sources significantly influ- 
encing the appearance of new lesions in 
the CLAS were protein, carbohydrate, 
alcohol, total fat, and polyunsaturated 
f^t. These are all closely linked, because 
subjects eating less calories from one 
source obtained nK>re calories from an- [j- 
other and the average weight of CLAS i 
subjects did not change during the trial jj 
(Table 2). When all significant factors :l 
are considered together, the major 
sources of energy form a coherent pic* f . ^ 
ture consistent both with concepts de- 1 / 
rived from the epidemiology of eoronary [{ 
heart disease and with finiiiivgs firons the 
National Diet-Heart Study.* In accord 
with previous epidemiologic research,"** 
CLAS subjects who did not develop new 
lesions drank more alcohol at baseline 
(in moderate amounts) than those sub- 
jects who did develop new lesions. In 
accord with National Diet-Heart Study 
findings, CLAS subjects who did not 
develop new lesions increased on-tn^M 
dietary protein to compensate for re- 
duced mtake of &t by substituting low- 
fat meats and dairy products for high- 
fat meats and dairy products. 

Diets that substituted low-Sat for 
high-M meats and dairy products were 
rigorously tested under randomized, 
double-blind conditions in the National 
DietrHeart Study, in which £at intake at 
etitsy of 40% of <^orie8 was reduced to 
30%." In the National Diet-Heart 

Diet and Cofonary Lesions— Stankdnhm at al 
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7.~0fetary IrrtakQ by CLAS Placdbo Recipients at GaseQne and During ttie TKa) Compared With 
fjCEP Step t and Stop 2 Dietary Therapy* 



CLAS 



NCEP 



During THal 



Nutrient 


8tef»l 


8lep2 


BasoRno 


New Lesions 


No New Lesions 




<ao 


<30 


32.2 


34.1 


27.5 


Saturated fat. % calories 


<10 


<7 


11.1 


9.2 


7.4 


^^tyunsaturated fat. % calortes 


«10 


^10 


8.5 


109 


8.B 


hTonounsaturmed tat. % catorias 


10-15 


10-15 


12^ 


11.3 


9.3 


CartxitTydratea. % calofiefl 


S0-i$0 


50^ 


47.2 


see 


52.3 


p^in. % calories 


10-: W 


10-20 


17.4 


15.0 


17.4 


Cholesterol. mgM 


Oi» 


<200 


256.7 


155.7 


168.7 



«'CLAS iTKScalea Chotesterol Lowering Attieiosctarosia Study; end NCEP, Natkmsl CtiolestenH Educadoo 
Program. 

fperoent calories represents percent of anergy (rom nulnenl. 



Study, an 11% reduction In totiil plasma 
cholesterol level was maintained for 66 
weeks. Intake of subjects in thi3 Nation- 
al Diet-Heart Study provided adequate 
amounts of all essentia] nutricmts. Pla- 
cebo recipients in the CLAS also main- 
tained adequate intake of all essential 
nutrients and showed increased intakes 
of calcium and retinol (data not shown), 
a result of increased intake of non&t 
milk. Compared with whole milk, the 
calcium content of nonfat milk is not 
reduced and retinol content is increased 
by fortification. 

Average total plasma cholesterol re- 
duction in all CLAS placebo T'ecipienta 
(4 . h%) was not as great as in th e Nation- 
al I^et-Heart Study. However:, the dif- 
ferential reduction in low-density lipo- 
protein cholesterol levels m CLAS 
subjects with and without new lesions 
was comparable with the differential in 
cholestyramine-induced low-density li- 
poprotein cholesterol reduction be- 
tween men with and without ischemic 
heart disease in the Lipid Research 
Clinics Coronary Primary Prevention 
Trial." Average low-density li poprotein 
cholesterol level was reduced 7.1% in 
CLAS subjects who did not develop new 
lesions and 0.6% in those who did devel- 
op new lesions (T&ble 2), a significant 
differential of 6.5% (P=.04). After 2 
years in the Lipid Research Clinics Cor- 
onary Primary Prevention lrial» cho- 
lestyramine-treated men without new 
ischemic heart disease showed a 21% 
reduction, those with new ischemic 
heart disease a 16.9% reduction; thus, 
there was a differential of 4. 1%. 

Fsity acids significantly increasing 
the likelihood of the appeararice of new 
lesions were lauric, oleic, and Unoleic. 
Laurie acid, a saturated C-12 fatty acid, 
is a m^or component of coconut and 
pabn kernel oils. It is the shortest di- 
etary fatty add stored in the adipose 
tissue of hinnans and other c pedes."''^ 
Unfortunately, lauric add was not in- 
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eluded in recent epidemiologic studies 
of blood and tissue fatty adds and ind- 
dence of ischemic heart disease.*^ 
Hegsted et al" demonstrated in humans 
that for levels of dietary cholesterol be- 
tween 200 and 600 mg/d, coconut oil pro- 
duces greater increases in total plasma 
cholesterol level than olive or safQower 
oil. Coconut oil has also been found par- 
ticularly effective in raising plasma and 
aortic diolesteirol content for experi- 
mental atherogenesis in cholesterol-fed 
rabbits." In perfiised rat liver prepara- 
tions, short-chain saturated fatty adds 
lead to production of cholesterol-rich, 
potentisdly atherogenic very-low-dehsi- 
ty lipoprotein cholesterol.* 

Dietary oleic and linoleic adds are 
stored in adipose tissue and appear in 
atherosclerotic plaques as cholesterol 
esters. "Hiree epidemiologic studies 
have suggested an inverse relationship 
between linoleic add and risk of core- 
nary heart disease,"*^* an effect con- 
founded with risk firom smoWngin one." 
In the CLAS, the likelihood of new le- 
sions developing increased significantly 
with each quartiie of increasing con- 
sumption of total fat, monounsaturated 
fat, and polyunsaturated fat, and linole- 
ic add intake was significantly associat- 
ed with formation of new lesions. The 
CLAS sutuecta were nonsmokers and 
had reduced total and saturated fat in- 
take before study entry to levels dose to 
NC£P recommendadons. Comparison 
of fbt intakes within the CLAS is not 
equivalent to comparisons made across 
human populations with high and low 
intakes of dietary fat. It is also possible 
that the effects of transport and metab- 
olism of unsaturated hiiy adds are dif- 
ferent in early stages of atherogenesis 
as compared with kte, because dietary 
fatty adds can influence a vaiiety of 
arterial wall processes, ranging &om 
endothelial permeability" to thrombosis 
and biflammatory responses.** Reevalu- 
ation of traditional views on dietary fat 



and coronary heart disease has recently 
been recommended by Oliver,** Howev- 
er, all three dietary fatty acids— lauric, 
oleic, and linoleic adds— are trajisport- 
ed in triglyceride-rich lipoproteins and 
influence their composition. The signifi- 
cant relationships found between these 
fatty adds and formation of new coro- 
nary lesions is compatible with a previ- 
ous risk factor analysis based on lipopro- 
tein, cholesterol, and apoUpoprotein 
patterns in CLAS subjects.^ This anal- 
ysis indicated an important role for tri- 
glyceride-rich lipoproteins in human 
atherogenesis. Taken as a whole, CLAS 
results indicate that when total and 
saturated fat intakes are reduced to 
NCEP-recommended levels, protein 
and carbohydrate are preferred substi- 
tutes for fat calories, rather than mon- 
ounsaturated or polyunsaturated fat. 

Reports of the reduction in arterial 
lesions at autopsy following senustarvsr 
tion conditions during Worid Wars I and 
II have suggested the necessity of aus- 
tere diets to ametiorate atherosderosis. 
However, more reasonable alterations 
of diet appear adequate to produce de- 
tectable improvement of coronary le- 
sions in angiographic studies. The Lei- 
den Dietary Intervention Trial showed 
that existing atherosderotic lesions in 
some patients can be stabilized by a diet 
that results in only minimal weight loss. 
Placebo redpients in the CLAS provide 
evidence that the ^pearance of new 
coronary atherosclerotic lesions can be 
influenced without weight change by 
voluntary selection of acceptable foods, 
PrincipaDy, this involved substitution 
of bw-fai meats and dtuzy products for 
high-fat meats and dairy products. The 
diets eaten by CLAS subjects were self- 
selected, with monitoring and counsel- 
ing by registered dietitians. Theiy do not 
appear too stringent fbr wide appUca- 
Uon as a precaution against develop- 
ment of new coronary lesions. 
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Can linoleic acid contribute to coronary artery disease?^^^ 

Jomthan M Hodgson, Mark L WahlQvist. John A Boxali and Nicholas D Balazs 
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ABSTRACT The adiipose tissue concentration of linoleic 
acid was positively assodaled with the degree of coronary arteiy 
disease (CAD) in a cross^jectional study of 226 patients under- 
going coronary angiograpliy, Unoleic acid concentration in adi- 
pose tissue is known to reilect the intake of this fatty acid. These 
results are ihcreforc indicative of a positive relationship between 
linoleic acid intake and CAD. The platelet linoleic acid concen- 
tration was also positiveKy associated with CAD. After con- 
founding factors were allowed for, the cicosapentaenoic acid 
concentration in platelets was inversely associated with CAD 
for men, and the docosape-ntaenoic acid concentration in plate- 
lets was inversely associated with CAD for women; results con- 
sistent with several other studies that suggest that fish, and <d-3 
fatty adds derived from &i;h and fish oUs, can beneficially influ- 
ence macrovaacular disease. Am J Clin Nuir I993;58:228" 
34. 

KEY WORDS Linoleic add» fetty adds, polyunsatu- 
rated fetty acids, coronary artery disease, atherosclerosis 

Introducdon 

Many studies have examined the relationships between diet 
and end points of coronary heart disease {CHD> such as angina, 
myocardial infhrcdon. sudden death, angLOgraphically assessed 
coronary artery disease (C:AD), and coronary mortality. The 
m^ority have focused on the lipid components of the diet A 
high intake of saturated fa tty adds is now considered to be a 
positive risk fector fi>r CHD and an adequate intake of m-3 fatty 
adds is believed to be inflii cntial in pitventing CHD. The role 
of linoleic add (i8:2n-6X an w-6 essential fatty acid, however, 
is less dear. 

The measurement of linaleic acid in adipose tissue provides 
a good estimate of long-term intake of linoleic add (1,2). Several 
studies have demonstrated an invcxse relationship between adi- 
pose tissue linoldc add amtcnt and CHD (3-6). Population 
studies have shown that lew concentrations of adipose tissue 
linoleic add are associated with increased rates <^CHD (3, 4), 
and that this inverse rdationship exists both between and within 
populations (4), A cross-sectional survey of Scottish men dem- 
onstrated diat those with previously unidentified CHD, as defined 
by angina pectoris or myocardial infliction, bad a significantly 
lower concentration of adipose tissue linoleic add than did men 
without CHD (5). The inveitie rdatkmship between adipose tissue 
linoleic add and angina pectoris or myocardial hi&rclion has 
also been demonstrated in a case-control study (6). Those results 
are supported by the obser/ation that as the vegetable-animal 
fat ratio increased in Australia and North America, there has 
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been an associated reduction in total mortality. In England ana 
Wales where minimal changes in this ratio occurred, there were 
also minimal changes in coronary mortality (7). However, not 
all studies have produced results that would indicate a protective 
role for linoldc arid. In a study by Blankenhom et al (8) it was ' 
found tiiat increased intake of linoldc add significandy incicasod ' 

the risk of new atherosderotic lesions in human coronary artcriet 
Evidence for an inverse association between the long-chain 
«-3 fetty adds or fish intake and CHD has been accumulating 
A reduction in total mortality was demonstrated in a secondary 
prevention intervention study in which the intervention was Catty 
fish (9). Prospective studies have found an inverse association 
between fish intake and CHD incidence (10. I IX although an 
inverse assodation has not been demonstrated in all prospective 
studios (12, 13). Fish intake has also been aasodated with im- 
proved arterial wail characteristics (14). In a study in which 
platelet latty adds were measured, eicosapentaenoic add (20: 
5n-3) was inversely assodatcd with ang?na pectoris and doco- 
sapentaenok: add (22;5n-3) was inversdy associated with risk 
of acute myocarriial inferction. Also in this study, adipose tissue 
docosahexaendc add (22:6n-3) was inversely assodated with 
acute myocardial infarction (6). 

In our study the &tty adds in adipose tissue and platelets were 
measured. The rdationshfps between each of the fatty adds and 
the degree of angiographically assessed CAD were examined. 

Sabjects and methods 



Population sample 

Some of the subject characteristics are given in Table 1. All 
patients underwent coronary angiography and were on the rou- 
tine cardiac catheterization list for investigation of chest pain 
thought to be due to dther CAD (97%) or valvular heart disease 
(3%). Cbnsecutive patients (160 males and 66 females aged 16^ 
80 y) were enrolled over 10 mo. All patients were induded. The 
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Characteristic 



Men 
(n - 160) 



Women 
in ^66) 



Hngiand and 
d. there were | 
lowcvcr. not I 
5 a protective j 
: al (8) it was ( 
ttJy increased \ 
nary arteries. 
5 loug-cbain 
tnimubtjog. | 
a$eootidary I 
ton was fatty ' 
•• association | 
although an i 
prospeaive I 
cd with im- ' 
Jy .in which 
•ic acid (20: 
8 and doco- • 
^ with risk \ 
tipose tissue | 
(dated with 



Obtained from medical records 
Angina 

Previous myocardial infarction 
Valvular heart disease 
Hypenension 
Taking medication 

Aspirin 

Nitrates 

Calcium antagonists 
Beta-blocken 

Angiotenan^ottverting-^nzynie 
inhibitors 
Obtained from questionnaire 
Smokers 
Exsmokers 
Never smoked 
Diabetes mellitus 
No dietary change 
Dietary change 



98 
39 
2.0 
41 

67 
58 
46 
41 

16 

14 
5S 
2$ 

49 
51 



93 
27 
8.2 
63 

49 
44 
42 

39 

29 

11 
58 
31 
9.1 
44 
56 



ateletswere 
y acids and 
xamined. 



able I. All 

3n the rou- 
chest pain 
tartdi^tase 
^aged 16- 
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project was presented to and approved by the Monash Medical 
Centre Ethics and Research Committee. 

Clinical details such as age» diabetic status, sntoking history, 
height, weight, and past dietary change were gathered by using 
a questionnaire adnQinistered zt the time of angiography. Self, 
reported height and weight weie used to calculate body mass 
index (BMIX which was calcultited by dividing weight (kg) by 
the square of height (m). Information about dietary change was 
obtained with the questionnaire; Each patient was asked whether 
they had made a conscious dediuon to make dietary changes at 
i any time in the previous 10 y. For analysis the patients were 
! divided into two groups: no dietary change and dietary change, 
j To estimate the total number of cigarettes smoked, the number 
of cigarettes smoked per day was multiplied by the duiation of 
time that the patient smol^d. Titic measuremeat of blood pres- 
sure was not inchidcd in this study for several reasons. Almost 
; aU hypertensive patients were lmtt$ treated for hypertension. 
I However, the anti-h>pcrtensive drug treatment dificred and so 
/ toodidtheduiationoftrcairaentaadthedegreeirf'Woodpressure 
! towering. This would make the i ntcfpretation of results from a 
j s«»8le blood pressure measurcm^int difeult Information about 
hinwy of hypertension and use: of particurar medication was 
, collccled from the medical records. The presence or absence of 
V hypertension and use of particular medications were included 
; in the analysis. Corollary angiograjAy was performed acconiing 
I to the Judkins tahnique (15) aiid recorded on 35-ram movie 
film. Two difierent scoring systicms were used to quantify the 
degree of CAD: a myocardial sairc and an extent score. 

^iiographic scores 

Myocardial score, A myocaniiflj scoring system that takes into 
account the detgree of stenosis of any number of arterial branches 
and their relative importance in terms of the amount of myo- 
cardium suppUed. has been developed (16). This scoring system 



takes into account the severity as weU as the location of the 
coronary lesions. A score from 0 to 15 (best to worst condition) 
can be given. 

Extern score. An angiographic scoring system that has been 
dtsigncd to reOeci the proportion of the coronary endothelial 
surface area affected by atheroma has been developed as an es- 
Umate of the extent of coronary atherosclerxwis ( 1 7), The pro- 
portion of the coronary arterial tree with detectable atheroma 
Identified as luminal irregularity, was scored with a maximum' 
of 10; a score of 0 indicates that no coronary atheroma was 
detected, ami a score of 10 means that 100% of the coronary 
artenes visualized showed detectable atheroma. 

Serum lipid measurements 

Fasting blood was drawn from tiic femoral artery immediately 
befons cardiac catheterization and placed into evacuated glass 
tubes. The untreated blood was allowed to clot and the serum 
separated by using stondaid procedures. Total cholesterol, 
triglycerides, and high-dcosity-lipoprotein (HDL) cholesteioi 
were measured in fresh scrum. 

Total cholesterol and triglycerides were measured eozymati- 
cally with commercial kits(l3225 and 22203, respectively; Trace 
Scientific Pty Ltd, Clayton, Victoria, Australia), HDL cholesterol 
was measured enzymaticaUy as for total cholesterol, after the 
precipitation of apolipoprotcin B-ncontalning Apoproteins by 
using equal volumes of 20% polyethylene glycol 6000 (Merck- 
Schuchardt, Munich, Germany) ami serum. Low-density-Hpo- 
protdn (LDL) cholesterol was derived by using the Friedewakl 
formula adapted to Systeroe International (SI) units (18). Cho- 
lesterol and triglyceride measurements were performed on a 
KONE Progress selective chemistry analyzer (KONE Instru- 
ments Corporation, Espoo. Finland). 

Fatty acid analysis 

The &tty add compositions of subcutaneous adipose tissue 
and platelets were measured by usii^ gas chromatography. The 
methods relating to these measurements arc presented below. 

For cdlection and preparation of adipose tissue, bo1-2 mg 
adipose tissue was taken from the site of catheter insertion im> 
mediately alter coronary angiography. The sample was frozen 
at -70 ""C for up to 12 mo, until aU samples had been collected. 

For collection and preparation of platelets, 20 mL EI>rA- 
anticoagulated Wood was drawn from the Ifemoral artery hn- 
mediately before cardiac catheterization and was used for platel^ 
harvesting. The tubes were mixed immediately alter blood c<^- 
lection and again before platelet harvesting. Tubes of blood were 
centrifbged at 1 10 X ^ for 15 rain and the platelet-ridi plasma 
was removed then recentrifiiged at 2000 X ^ for 10 min at room 
temperature. The plasma was removed and the platelets were 
washed twice with 0.9% NaQ containing i g EDTA/L. TTie 
platelet pellet was then frozen at -70 X until extraction and 
methylation. 

Extraction and methylation of the adipose tissue and platelet 
fatty acids were performed by using a modification of the one- 
step method described by L^xtge and Roy (19). Samples were 
placed into glass tubes with 2 mL of 4: 1 methanobtoluene and 
200 pL acetyl chloride was added slowly to each tube with con- 
tinuous mixing, dien samples were placed into an oven at 100 
*C for 1 h. The tubes were cooled under running water, 2.5 mL 
potassium carbonate was added, and the lubes were mixed and 
then centrifuged at 2000 X g for 10 min at room temperature. 
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TABLE 2 



HODGSON ET AL 



Descriptive stairsiics forihe MUdy r^PuJation* 


Characteristic 


Men 


Women 


Extent score (I0)t 


4.3± L9{l59Jt 


3.4 ± 


13 [66] 


Myocardial score (15)§ 


7.7±3.6II59]t 


6.4 ± 


4.25 [66] 


Age<y) 


59 ± 10.7 [159] 


61 ± 


J0.3 [66] 


Body mass index D 


25.T± 2.59 1132} 


25.2 ± 


4,30 (57] 


Total cholestool (mraoj/t) 


3.J;±0.93I159J 


6.4 ± 


l.l (66] 


LDL cholesterol (mrnol/L) 


4.0 ±0.86 [1551 


4.4 ± 


1.0 [66] 


HDL cholesterol (mmol/L) 


0.98 ±0.28(155] 


1.25 ± 


0.42 [66] 


Triglycerides (mmol/L) 


1.8 ±0.96(159] 


1.7 ± 


0.77 (66] 


Cigarettes smoked 1 


741 ±760 [129] 


344 + 


606 [57] 



* ^ ± 5D; n in brackets. 

t Scoring system for extent of coaonary atherosclerosis, trom 0 to 1 0. 
i Stgnificantly greater than wom^»i P < 0.0001. 
§ Scoring system tor degree oTan erial stenosis; from 0 to 15. 
I Inkg/m^. 

il Estimate of the total number oi'dgaxtttes smoked over a lifetime. 



The upper toluene phase was removed and placed into small 
glass tubes, then dried under nrtrogen. 

Immedialcly after extraction and raethylation of the fetty acids 
the methylated fotty acids were dissolved in 50 pL chlon>rorm 
for ii^ecticn. A Shimadzu GC*¥^A gas chiomatograph was used 
with a flame ionization detector and a Shimadzu Chromatopac 
C-R3A integrator (Shimadzu Corpoiation, Kyoto, Japan). A 50- 
m glass capiOary column with as 80% cyanoprop^ silicone polar 
phase was used. The methyl ester pealcs were identified whh 
standafds obtained from Nu C^hek Prep, Inc (Ely^an, MN). 
Temperature programming was used for determinifig f^tty adds. 
The starting temperature of 1 30 *C was raised at 5 ^C/xmn until 
190 was reached, then increiised more slowly at 1.2 ^C/mio 
untfl 200 was reached. The itemperature was then held con- 
stant at 200 "^C for 15 min. Tfie CV in determining the per- 
centages of the individual &tly acids varied depending on the 
concentration of the fatty ^id in the sample. For msuor com- 
ponents (> 5%) the CV ranged from 1.2% to 4.7%. For ttacc 
fetty acids {< 1%) the CV langiid firom 7.4% to 14%. 

Staiistia 

The data-analysis package used for all the statistkal analyses 
performed was £4^ (20^1). At a univariate level. Speannan's 
rank corrdation coefficient 0) w used to determine the degree 
and direction of association between two variables. To control 
for covariates^ the PARTIAL cption was used. The Wilcoxon 
rank-sum test was performed to test whether there were differ- 
ences between two population tneans. 



Descriptive statistics 

Some descriptive statistics for the study population arc pre- 
sented in Table 2. The extent ;M^re ranged from 0 to 8.5 and 
was ^gnificantiy higher for men than for womeiL The myocardial 
score ranged from 0 to 1 5 and was also significantly higher for 
men than for women. Nineteen patients (8.4%) had do detectahte 
CAD, with both extent and myocardial scores of 0. The degree 
of correlation between the twi> scores was high (r ^ 0.72, P 



TABLE 3 

Faity acid compositton of adipose tissue and platelets* 





Men 




Women 




% ^rctot fatty acids 


Adipose tissue fatty adds 








Laurie (12:0) 


0.43 ta28||06| 


0.38 


±0-17 [39] 


Myristk(14:0) 


2.95 ±0.80 [106] 


2.67 


± 0.67 [J9] 


Palmitic 06:0) 


23.1 ± 1.96 [106] 


2Z4 


± 2.47 [39J 


Stearic (18K)) 


4.47 ± IJ9[I04] 


4.27 


± 1.39 139] 


PalinitoScic(16cln-7) 


3.87 ± 2.37 [\06] 


5.72 


± 2.25 (39] 


Cldc{18:ln^) 


42.6 ±3.11 [104J' 


4Z5 


± 2.62 139] 


Linoleic (18:20-6) 


12.6 ±3.82 [106] 


13.7 


± 3.83 [39] 


Komo-Y-liiiolenic (20:3n-6) 


0.17 ±0.05 [1051 


. 0.25 


±OLIl [39} 


Arachidonic (2a4n-6) 


0.32 ±0.11 [105] 


0.41 


±0.12 {391 


AJpba-Unobiiic(l8:3n-3) 


0.36 ±0.17 [106] 


0.61 


± a23 [39] 


Eioosapentaeaoic (20:5n-3} 


D ID ±0.03 [68] 


0.11 


± 0.04 (26) 


Docosapentaemic (22:So— 3) 


OAS ± a06 [104] 


0.20 


± 0.08 [39] 


DocosfthexacDotc (22:6n-3) 


0.11 ±0.06(101] 


0.18 


±0.10 [39] 


Platdet btty arifb 






Pkl(iiitic{l6K» 


17.9 ± 1.23 [133] 


I8J 


± 1.52 [351 


Stearto(l8:0) 


17.9 ± l.ll [133] 


17.7 


± 1.18(55} 


Palmitolcic (16:10-7) 


1.58 ±0J7 (134} 


1.61 


±a36(5S] 


Oleic <18:la-9) 


15.7 ±1.41 (135} 


15.8 


± 1.22 (55) 


Linoleic (1S:2d-6) 


5.46 ± 1.36 [133] 


5.42 


±L07(33] 


Homo-r^inotenic {2(h3n-6) 


0.98 ± 0.23 [134] 


1.01 


±021 [33] 


Afachidonic (20:4n-6) 


16.9 ± I.SO [135] 


16.7 


± 1.14(55] 


DocosatetracDi^c (22:4n'6) 


t.49±0J6[(35] 


I.Sl 


±0.31(55] 


Alpfcft4inoIciiic (i8.3a-3) 


0.39 ±0.16 [119] 


0.37 


±0.13(49] 


Eleosapentaenoie (2<hSn-3) 


2.14 ±0.31 [135] 


L04 


±035155] 


pooosapentaezkotc (22:5 n- 3) 


0.86 ± 0.20 (134) 


0.80 


± 0.25 (55) 


Docosahexaendc (22:6d-3) 


2.13 ±0.41 (133) 


2U}8 


± 0 J3 (55) 


* X ± SD; A in bracks 



< 0.000 1 ). The noean concentration, as a percentage of the total 
fktty acids in adipose tissue and platelets are presented in Ts- 
bleS. 

Risk factors, medicaiioru and fatty acids 

The correlations between several CAD risk facton and die 
two CAD scores are shown in Table 4. Age showed the strongest 
association with the two CAD scores. Cigarette smoking was 
also positively associated with CAD. Associations between the 
established serum lipid risk Actors atid the CAD scores weie 



TABLE 4 

Speannan*s rank correlation coefficients desoribing the associations 
between coronary artery disease (CAD) risk taois and CAD aooies 



Extent scare 



Myocardial score 



Risk fiKtors 


Men 


Women 


Men 


Women 


Age 


0.29» 


0.39* 


0.42t 


0.4 r 


Cigarette smoking 


0.09 


0.29* 


OJ!) 


0.18 


Body mass index 


-0.16 


0.09 


-0.01 


0.08 


Total choksterol 


0.03 


0.13 


0.05 


O.IO 


LDL cbotesterol 


0.10 


0.15 


an 


0.13 


HDLcfaalesterol 


-0.05 


-0.14 


-ao3 


-0.24* 


Trislyccrides 


-0.03 


0.19 


ao3 


0.27* 



genei 
men, 
chole 
andt 
score 
cam]; 
P<\ 
Both 
cantl' 
{P < 
forC 

Th 
and f 
in Tfl 
ofthi 
with 
linoU 
hype* 
lowe'i 
{F< 
nific: 
iP< 
fktty 

Tn 
cakii 
inhib 
fatty 
platel 



TAB! 

Speac 

fOf 00 



AdipOl 
Lav 
Myr 

^ Flila 
Stea 
Fah) 
(»d 
Uat 
Hoc 
Acai 
Alpl 
5oc 
Doc 
Doc 

Ptoidc 
Pair 
Stca 
Pttlc 
Old 



♦/•<OX»l. 
t/'< 0.0001. 
t/»<0.05. 
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t£ids 



38 ± 0J7 [35] 
67 ± 0.67 (39) 
1.4 ± 2.47 [39] 
27 ± \J9 [39] 

11 ± U3 (39) 
± 162 [391 

i.7 ± 3.83 [39] 
W±0.|1 [39J 
tl i: 0.12 [39] 
51 ^0.23 (39J 
n ±0.04 {2«} 
20 X 0.O8 139] 
18 ±0.10 [39] 

.2 ± I J2 [55] 
.7± i.l8(53| 
il±a36 [J5| 
.8± 1.22 (55| 

12 ± 1.07 [55J 
)l±0,2t[j3] 
.7± 1.14 (53] 
;| ±0JI|55J 
!7±0.J3(49] 
»4±0JS [55] 
i)±0.23[55| 
«± 0.33 [55] I 



of the total 
led in Ta- 



LINOLEfC ACID AND CAD 

generally weak and rarely si^iificant. particularfy for men For 

pen, none of the associations was significant. For women HDL 

cholesterol was inversely associate with the myocardial* score 

and tnglycendes were posilivcly associated with the myocardial 

score. For the total population. HDL cholesterol was signifi- 

canUy inversely associated witfi Ijoth the extent score (r - H) 14 

<0.05) and the myocardiiil scone [r = -0J6, < 005}' 

Both men and women classed as hypertensive had a signifii 

cantly higher extent score (P < 0.05) and myocardial score 

1 "^^^^^^ hypertension as a risk factor 

for CAD. 

The correlations between iteverai of the CAD risk factore 
and fatty acids in adipose tissue and platelets are presented 
in Table 5. The other risk faaor that was related to several 
of the fatty acid measurements was hypertensive status. Men 
with hypertension had significantly higher adipose tissue 
hnoleic acid {P < 0.05) conocnirations than men without 
hypertension. Women with .^lypertension had significanUy 
lower platelet Hnoleic acid than women without hypertension 
(P < 0.05). Dietary change by men was associated vwth a sig- 
nificantly higher concentratioia of adipose tissue Hnoleic acid 
{P < 0.05). Diabetic status wasi not associated with any of the 
fatty acids. 

Treatment of the patients witii aspirin, m'trates, beta-blockera, 
calcium antagonists, or angiotcnsin^onverting<nzyme (ACE) 
inhibitors were also related to <»nccntrations of several of the 
fetty adds. Aspirin was associated with significantly higher 
platelet doosapentacnoic acid for men (P < 0.05) and higher 
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Platelet linoleic add (P < O.OI) and a-Hnoldc add (/> < 0.05) 
for women Nitrates were assodated with lower adipose tissue 
launc acid (P < 0.05) for men and lower platelet ste^acid (P 
< 0.05) for women. Beta-blockers were associated with higher 
adipose tissue oleic acid for women {P < 0.05). CaJdum antag- 
onists were assodated with higher concentrations of adiposeZ 
sue eicosapenuenioc add {P < o.05) and platelet docosapen- 
laenoic acid {P < 0.05) for women. ACE inhibitors were asso- 
(??0 01? '^''"^ docosapentaenoic add for men 

The relationships between particular fatty adds in adipose 
tissue with the same fatty add measured in platelets are presented 
in Table 6. In general, the assodations between the same fatty 
acids in the different tissues were not strong. The fatty add with 
the highest concordance between adipose tissue and platelets 
was linoldc add. 



Adipose tissue fatty acids and CAD 

The relationships between adipose tissue fatty adds and the 
two CAD scores are presented in Table 7- 

Men. Myrislic add was inversely assodated with the myo- 
cardial score. This assodation is not significant after age was 
adjusted fiar (r = -0. 1 6, J»> 0.05)l Palmitoleic add was inversely 
assodated with the extent score. After age, tri^yccridea, and 
cigarette smoking were adjusted for, the association remained 
significant {r - -0.24, P < 0.05), 

Unoldc add was positively assodated with both the extent 
scone and the myocardial score. After age was adjusted for, the 



TABLES 

Spearman** rank correlation cocflScients describing the assodations between fetty acids in adiDose 
tor coronary artery disease 



tissue and platetets and risk lactora 



Men 



Women 



Fatty add 



Afc: Smofctng 



rs and the 
e strongest 
oking was 
Hween the 
:ore3 were 



dations 



dial score 
Women 

0.41* 
0.18 
0.08 
0.10 
0.13 
-0.24* 
0.27* 



Adipose tisiue bay acids 

LwirK(l2:0) -o.l:i 

Myns«Jc(M:0) -o.|:> 

Stearicr08:0> OjD; 

Palmiuilck CI6:Id-7) -Ol2[,» 

aefc(l8:lo-9) -aOJI 

Unoleic(lB:2D-£) o.ltt 

Homon^Jinotenic (20:3n-«) O.ljf 

Arachidonk (20:4a-6) -OjOHi 

Alpha4iaotenic (1 8:3ti-3) -0.03. 

EicoBaipnittenoic (20-Jn-3) -0. 1 1 

OooQsapentaefioic (22:5n-3) 0.|<i 

DooowbcKfteiioic m^n-y) -OX)a 
Ratdct toy Bcida 

P^lnulic (I6.-0) ^01 

Stearic < 1 6.-0) -007 

Palmitoleic (l6;lo-7) 022* 

01eio(l«;ln-9) , -0.11 

Liooldc(18:2o'-€) 0.11 

Homo-vliDoleiiic (20:3ik-6) -0^ 

AiBchldonic (20t4a-6) -OJO* 

Docosustraenok (22;4n-«) O.Ol 

AlptoJinotenic <18Jn-3) 0.07 

EtCDsapeittsencuc (20:5n-3) -at4 

Oocosapcntaefloic (22;5d-3) -006 

Pottwa hT f i ra oi c (22:fai-3) -0.03 



BMI 



UL^ HDL^ TO Age Smoking BMI LDL^ HDL^ TO 



-0.04 


-0.J? 


ao3 


0X» 


-0.02 


-0.17 


0.02 


-OXQ 


ojor 


HUM 


0.02 


-OlO 


-0.21' 


-0.23* 


-0.20 


ons 


0.24* 


0.06 


0.00 


-OOI 


0j06 


0.07 


Oj03 


-0.01 




O02 


007 


0.04 


o.o» 


a32t 


0.07 


-0.07 


ait 


019 


-OI2 


0.02 


-0.lfi 


0.0S 


0.0S 


ao7 


0.15 


-0.02 


-at4 


0.2J» 


-0.02 


0.04 


-O.20* 


-0.00 


-ao2 


012 




0X)9 


-O.I0 


-aoo 


-0.14 


0j07 


-0.13 


-ai8 


0.08 


OI3 


ao7 


-0.03 


-0.09 


ft20« 


008 


0X»3 


-0.14 


-0,15 


HX07 


0.01 


-0.09 


-0.14 


0.07 


Ot2 


O04 


-019* 


-004 


OI4 


ai« 


0X»3 


004 


O09 


Ol04 


0,05 


-0.07 


-0.08 


0.06 


-006 


-ao2 


0.14 


OI9* 


-ao7 


0O4 


-0.04 


017 


Oj02 


0.11 


-COS 


ao8 


OXM 



-0.04 
Oil 
0.3lt 

-0.13 
0.(9* 
OOI 

-0.25t 

-ao2 

0J)8 

-0.19 
-OiW 
-O07 

Oil 

-ai9' 

-0.09 
' 0.33t 

on 

018» 

-ao3 

-O06 
-Oi)l 
007 
-O09 
-O.08 



-017 
-C.2I 
-Oil 

an 

-0.14 

-aio 

0J9 
032* 
O07 

a 10 

-0.21 
0.42t 
034* 

044t 

0.01 

0.11 

-0.04 
0.09 
0.30* 

-a23 

-0.36t 

-0.04 

-015 

-a 17 

-0.18 



H)j03 
000 

at8 

009 

-ao9 

0.03 
-0.01 

0.06 
-0.06 

-ao4 
-ai9 

-0.19 
-0.03 

ao4 

-O06 
014 

-ai2 
-an 

OiM 

-oxw 

-O06 

-ai2 
ai9 
ooo 

0.00 



-030 
-038* 
OXM 
-0.50t 

a 15 
ao6 
ai2 

0^5* 

as2t 

-0.12 
-034 
033 
017 

0.01 
-Oj«t 
-0.20 

027 
-0.06 

0.02 

0.10 

014 

0.20 

OOI 
-OI4 

ai3 



-0.16 
-P.22 
H).I2 
-0.14 

OLOS 
-0103 

0.1 B 

ao3 

0.07 
-OOI 
-004 
-0.04 

-on 

0.23 

-O05 
-0.06 
-0.21 
OK 
012 
-0.24 
-0.06 
-012 
-0.13 
O09 



'/»<0.03. 
♦i'<0.OL 



OI5 
Oi)5 
O07 
0.27 

-ao5 

-0.25 
0X22 
0.03 
0.06 
0.27 

ai9 

-O.00 
0.26 

0i)9 
-OIO 
-0.05 
OlO 
0.09 
O03 
0.05 
-Oj09 
-0.10 
O04 
0J6 
-012 



-ai8 

0.11 
0.25 

-017 
O08 
OXQ 

-OXB 
0.28 

ai7 

-02I 
-0.54t 

028 
-0.01 

0.23 
-0.02 
006 

ai3 

-0.14 
020 

ai2 

-012 

0.07 
-OlO 
-OJO* 

007 
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TABLE 6 

Spearman's rank oorrclatioo codlidcnts describing the s^ocistiaiis 
between the adipose tissue fatty acids and ibe same &tty acids 
measured in platelets 



Fatty add 


Men 


Women 


P&lmitic(l6:0) 


0.07 


-0.08 


Stearic (1S:0) 


0.31* 


0.24 


Palmit6feic<16:lii-7) 


0.22f 


-0.01 


Oleic ( 18: ln-9) 


0.16 


oai 


LinoJcic (i8:2n-6) 


0A6i 


0-49§ 


Homo-T-lbolenic (20:3ii-6) 


0.18 


0.45* 


Arachidonic (20:4o-6) 


-O.05 


-0.22 


Alpba-linotenic (l8:3n-3) 


0.06 


0.23 


EtcosapentacDoic (20:5n-3) 


-0.33t 


0.21 


Docosapentaenoic (22:9q-3) 


-0.11 


0.15 


Docosahexaenoic (22:6ii-3) 


-0.03 


0.33t 



*p<om. 

tP<0.05. 
^/»<0.0O0l. 
§/><: 0.001. 



association between linoleic acid and the extent scjore was not 
significant (r = 0. 14, P > 0.0^1). The association with the myo- 
cardial score remained (r ^ 0. 19. F < 0.05). After all covariates 
that were related to adipose lissue liDoleic acid were adjusted 
for, namely age, ti^yccridcs, hypertensive status, and dietary 
change, linoleic add was not significantly associated with the 
extent score (r = 0.13, P > 0.05), but the association with the 
myocardial score remained (r ^ 0.20, P < 0.05). Adipose tissue 
homo-7-lino!cmc add was at© positively assiodated with both 
CAD scones. After age and BMl were adjusted for, homo-Y- 
lindenic add was agnificantly assodated with the extent score 
(r = 0.27. P < 0.05) but not w th the myocardial score {r - 0.09, 
;>>0.05>. 

Womeru Docosahexaenoic iicid was positively associated with 
both CAD scores. However, after age and BMI were adjusted 
for, the associations between both the extent score (r » 0. 1 3, P 
> 0.05) and the myocardial s(otc (r = 0. 14, > 0.05) were not 
significant. 

Platelet fatty acids and CAD 

The relationships between lhe platelet fatty adds and the two 
CAD scores are presented in Table 8. 

Men, A positive assodatioa between linoleic add and both 
the CAD scores was found. These associations remained after 
age was adjusted for \r = 0.25, P < 0.01 (extent score), r = 0.24. 

< 0.01 (myocardial score)]. Arachidonic add was itrvcrsdy 
associated with both CAD $(X>xes. After age was adijusted for, 
the assodatioDs between arachidonic add and the CAD scores 
were not significant [r - -0.14, P > 0.05 {extent score)* r 
= -0. \2,P> 0.05 (myocardLd score)]. Platelet arachidonic acid 
was abo inversely associated with platelet linoleic acid concen- 
tration (r - -0.34, P < 0.0001). To determine whether the in- 
verse assodatlon between tinoldc add and arachidonic add for 
men couM be explained by agc^ dgarette smoking, diabetic status, 
dietary change, plasma cholesterol concentration, or any other 
serum lipid measurement, the assodatlon for each of these fkcton 
was adjusted for. None of these variables were able to explain 
(even partially) this inverse assodatlon. 



TABLE 7 

Spearman's rank correlation coefficients describing the assodations 
between adipose tissue fatty adds and coronary artery disease scores 



•/'<OiW. 

t?<LO.Ol. 



The long-chain &tty adds were not significantly inversely 
assodated with either of the CAD scores. However, after LDL 
cholesterol concentration aixl aspirin use were adjusted for, both 
of which were significantly related to platdet eicosapentaenoic 
add as well as age. dcosapcntaenoic add was inversdy associated 
with the myocardial score (r -0. 1 8. /» < 0.05). 

Wom^, Arachidonic add was inversely associated with the 
myocardial score. After age was adjusted for, this assodatlon 
vras not significant (r = -0.22, P > 0.05). The assodations be- 
tween the long-diaia fatty adds and the CAD scores were not 
significant After caldum antagonist use was adjusted for, which 
was related to the concentration of docosapentaenoic acid» do- 
cosapentaenoic acid was significantly inversely associated with 
both the extent score (r - -0-28, P < 0.05) and the myocardial 
score (f « -0.37. P < 0-01). After age was fianher a4justed for, 
the association with die extent score was not significant (r 
« -0.24, P > 0.05) but remained »gnificant for the myocardial 
score (r = -0.33, P < 0.05). 



TABLES 

Spearman*! rank correlation ooeffidcats descriUng the assodatioas 
between platelet f^tty adds and coronary artery disease soores 



FEitty«cid 


Extern 1 


sooro 


MyocanUal soon 


Men 


Women 


Men 


Women 


Palmitic (16:0) 


-0J)6 


a23 


-a04 


0.19 


Stearic tlB:0> 


-Oi)3 


aoj 


-0.16 


-0.11 


Palmitoleic<l«:ln-7) 


-0jB2 


0O6 


0.04 


OlU 


Oleic (t8:ln-9) 


-0X>3 


Oi)l 


-0J)5 


0.14 


Unobic(]S'Jn-6) 


0.27- 


0.00 


0.26' 


-OOS 


Homo-T-linoleiuc (2ft3a-4) 


0.09 


0.OZ 


-O.0I 


aio 


Aradtsdonk (20:4ii-6|. 


-0.l9t 


-0.24 


-O.I9r 


-OJSt 


Dooosatetneiioic (Z2:4ii-6) 


-0,08 


-0.25 


0.04 


-0.20 


Alplw4iTK>kttlc(LS:3n-3) 


0.17 


0.01 


0.12 


-oxw 


Etcosapctnaenoic (20:Sa-3) 


-0.07 


-aoi 


-ai2 


-0.10 


Docosapentaenoic (22:5a-3) 


-0.16 


-0.19 


-0,09 


. -0,24 


Docosaheneaoic (22:6n-3) 


-0.06 


-0.12 


-O.05 


-aos 



•/»<0.01. 
^F< 0,05. 



Fatty acid 






Myocaidial score 


Men. 


Women 


Men 


Women 


Laurie (12:0) 


-0.09 


0.01 


-0.18 


-0.01 


Myri9tic(l4:0) 


-0.12 


-0.15 


-0.20* 




Palmittc(16.0> 


-0LO4 


-0.12 


-0.09 


-0.16 


Stearic (18.-0) 


aoo 


0.0B 


-0.09 


-aoi 


hil]nitoletc<t6:la-7) 


-0.21* 


-0.18 


-0,10 


-0X8 


Otcfc(IB:ln-9) 


-0.13 


-0.03 


-0.18 


0LO3 


Uooleic<tS:2o-6) 


0.20* 


0.24 


0.25t 


0.21 


Homo.Y<Uiiol£nie (2(h3R— 6) 


0.24* 


0,04 


0.21* 


0X8 


Arachidonic {20:4n-6) 


-0.03 


-ail 


0.12 


-0X3 


Alpha-linolenic [IB;3n-3) 


0.08 


0.14 


0.05 


0X4 


Eicosapentaenoic <20;3n-3) 


0.22 


-0,13 


0.10 


-0J4 


Dooosapenuexkoic (22-3n-3) 


0.10 


0.11 


-0X0 


0.19 


Docosahexaenoic (22:6n-3) 


0,02 


a33» 


-0.01 


0J3» 
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LINOLEIC AQD AND CAD 

Keiutionship outcomes 

A summary of the m^'or rcSalionship outcomes observed for 
^pose tissue and pJatelct fetty acids after confounding factors 
vrttfc adjusted for, is presented in Table 9. 
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TABLE 9 

Major relationshfp outcomes after conraunding faaors 
were adjusted for* 



Jy inversely 
. after LDL 
ed for, both 
ipentacnoic 
y associated 

3d with the 
association 
nations be. 
IS were not 
I for, which 
!c add* do- 
ciated with 
myocardial 
ijusted for, 
mfkant {r 
nyocardiat 



iitfid scon 



Women 



_^on >cn . Discussion 

The myocardial score has boen used routinely as a means for 
quantitatively presenting the information obtained in a coronary 
angiogram. This score takes into account both severity and lo- 
cation of coronary lesions. Btxause severity is measured, the 
score may relate to factors that coroplicate aiheroscferotic lesions 
in addition to the atherosclerosis itself. It has one m^or disad- 
vantage if the relationships wi^h risk factors for CAD are being 
examined. The score is biased by lesion location. The extent 
score is an estimate of the aggregate dcerec of atherosderosis In 
the coronary arteries. This score is not biased by lesion location, 
it is quantitative, and it has been shown to be correlated more 
strongly with CAD risk (actora than with a wssel score or a 
stenosis score (17). The extent score and the inyocardjal score 
were significantly associated, but the degree of association sug- 
gests that different aspects of C\D are being assessed. However, 
in general, those patients with more of the myocardium threat- 
ened by CAD also had a higher percentage of their coronary 
arteries affected by atherosclerosis. 

The results for men from both adipose tissue and platelets 
show a po^tive association betv/een linoleic add and CAD. Adi- 
pose tissue is a good indicator of long-term intake of linoleic 
i acid (1 , 2)» whereas platelet fatty acid^ reflect sboner-term intake. 

A correlation of 0.46 (Table 6) between adipose tissue linoleic 
*. acid and platelet linoleic add for men is consistent with the 
( diiferent lime Gfameoftbe measurements. However, factOR other 
than diet can also influence the concentration of linoldc acid 
in both adipose tissue and platelets. Those factors that afiect 
platelet linoleic add might not riffect adipose tissue linoleic acid. 
Although the degree of associatioD between linoleic add in adi- 
pose tissue or platelets and th<; CAD scores for men was not 
high, it was stronger than maiiy of the other recognized risk 
factors for CAD. Together the nsults from plateJets, and adipose 
tissue in particular, are indicative of a positive association be- 
tween linoleic add intake and QAD. 

Much of the evidence now available suggests an inverse re- 
lationship between linoleic acid and CHD (3-6). However, one 
study found that an increased intake of linoldc add significantly 
increased the risk of new athePDSclerotic lesions in human cor* 
onary arteries (8). Interestingly, the end pdnt in this study was 
also angiographic. Studies finding an inverse relationship for 
adipose tissue linoldc add have used either rates of mortality 
from CHD (3, 4), angina pectoris, or acute myocardial infaretioo 
(3, 6) as an end point 

If the posftive associations observed between linoleic add and 
CAD in this stpdy are due to a positive assodation between 
linoleic acid intake and CAD, cis suggested by our results, then 
one possible explanation for the inconsistent findings may be 
that high linoldc add intake ii a risk factor for coronary ath- 
erosderosis, just as low linoleic add intake wouk) appear to be 
a risk factor for coronary events (3-6). The mean concentration 
of linoldc acid in the adpose ti£sue of the study p(H)ulation was 
12.6% for men and 13.7% for women, whfch is considerably 
higher than the mean concetitration of linoleic add in the adipose 
tissue of European populations studied previously (3-6), 



Men 

/) Adipose tissue palmitoleic add (l6:Jn-7) was inversely 

associated with the extent score (r - -0.24, P < 0.05). 
2) Adipose tissue linoleic add (l8:2n-6) was po&itively essociatod 

with the myocardial score (r = 0.20, P < 0.05). 
J) Plaidet linoleic add (l8:2n-6) was positively associated widi 

both the extent score (r - 0.25. /> < O.Ol) and the myocardiaJ 

score (r- 0.24, />< 0.01). 

4) Adipose tissue homo-Y-linoIenic acid <20:3n-6) was posilively 
assodatcd with the extent score (r - 0.27. P < 0.03X 

5) Platelet eicosapcmacnoic add (20:5n-3) was inversely 
associated wiib die myocardial score (r - -0. J 8, /* < 0.05). 

Women 

I) Platelet docosapcntaenoic add (22:5o-3) was inversely 
assodatcd with the myocardial score <r = -0.33, P < 0,03). 

* Possible confounding foctors w«re age and other variables assodated 
with me particular fatty acids, r is Spcarman*s rank correlation coeflSdcnt 

Several mechanisms that might account for the positive as- 
sociations between linoleic add and the CAD scores can be pro* 
posed. Higher concentrations of linoleic ackl noay increase the 
risk of oxidative modification of lipoprotdnSw The oxidative 
modification of IDL In particular is understood to l>e a pathway 
to atherosclerosis (22). Another possibility is that linoldc add 
was a marker for tiie intake of other factors in food that increase 
the risk of CAD. A further alternative is that the observed as- 
sociations for linoldc add do not rdate to intake, but to factors 
that influence tiie metabolism of fatty adds in viva The results 
from this study, however, provkfe insufficient evidence to support 
any proposed^mechanisms. 

Adipose tissue palmitoleic add was inversdy associated with 
the extent score. This is indicative of an invetse astodation with 
intake. However, the relationship between intake of saturated 
or moiuwnsatumted fatty adds and adipose tissue concentration 
is not as strong as that for linoldc acid. Associations between 
saturated or monounsalurated fatty adds measured in adipose 
tissue and CAD therefore do not provide strong cvkicnoe for a 
relationship with intake. Adipose tissue homo-ylinolenic add 
was positively associated with the extent score. This assodation 
may be rdated to intake or to the metabolism of Itnoiek add 
in vivo. Several other significant assodations between adipose 
tissue fatty adds and the CAD scores were observed. AH of these 
associations could be explained by age and other oovariates. 

At a univariate level, not one of the long-chain a>-3 fiitty adds 
was agnificantty inversely associated with the CAD scones. After 
confounding &ctors were adjusted for, dcosapentaenoic add 
was inversely associated with the myocardial score for men and 
docosapcntaenoic acid was inversely assodated with the myo- 
cardial score for women. These lestilts are supported by findings 
from Wood et al (6X who found that platelet dooosapentaencnc 
add was inversdy assodated with acute liiyocardial in&rcdon, 
and dcosapentaenoic add was inversely assodated with angiiui 
pectoris (6). Use results are also con^nt with several other 
studies that suggest that fish intake may be beneficial for CHD 
risk (9-1 1). One of the most important mecbam'sms for the in- 
verse rdationsfaip between the fish oils, or the (tf-3 £atty adds, 
and CHD is likely to be the effects of w-3 &tty adds on dcosandd 
metabolism such that a more vasodOatory state with reduced 
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piatcJel afigr^iion results (23, 24). However. t^3 fatty adds 
have been shown to rcduct: plasma triglyceride concentration 
(25-27) and Wood pressure (28, 29), both of which may reduce 
the rate of progression of coronary atherosdexosis. The inverse 
associations between platelei: cicosapentaenoic add for men and 
docosapentaenoic add for women, and the myocardiaJ score 
provide further evidence for a relationship between the intake 
of this fatty acid and irduosd mk of CAD. This is consistent 
wiih ihe proposition that an adequate intake of these faUy adds 
is beneficial to CAD. Q 
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Letters to the Editor 



Can linoleic acid contribute to coronary 
artery disease? 



but what may occur in a simplified in vitro system has been not 
demonstrated in living people (14). 

AS Tmswell 



Dear Sin 

Hodgson et al (1) have chosm the wrong end of the natural 
history of coronary heart diseas^t (CHD) to address such a ques- 
tion. They studied only people with angina pectoris and estab- 
lished CHD, one*tlurd of whom had had a previous myocardial 
infarction and more than half of whom said they had changed 
their diet Presumably they had lidopted the convcndonal diet for 
CHD, which includes a lelaiive Increase of polyunsaturated fatty 
acids in Australia and in' the United States. Bolton et a! (2) in 
Scotland demonstrated a strikingly higher polyunsaturated fatty 
acid intake in men who knew they bad CHD than in men with 
just diagnosed CHD. 

Hodgson et al do not state whether they set out to investigate 
linoleic acid status or whether this was a fi^ng expedition in 
which 13 different fatty acids in adipose tissue and platelets were 
measured (but not ttwts fatty asids) and then related to two an- 
giographic scores of severity and extent of coronary disease. 
Their abstraa is misleading. Th ey found the perocni linoleic acid 
in adipose dssue was significaiitly assodated with only one of 
the two coronary scows after adjustment (for dietary change, etc) 
in men and not in women. Pui anoOier way, adipose tissue lin- 
oleic acid was not significantly associated with either coronary 
disease score in women and noi: significantly associated with one 
of the two angiograpWc scores', in men. In the same study total 
cbolesteroU low-density-lipbprotein cholesterol and body mass 
index were not related to coro naty disease score cither and do- 
cosahexaenoic acid (22:6w'3) was positively related to the score 
in women. 

Other investigators, as well «s the Etfinbuigh group that Hodg- 
son et al cite, have produced csvidence that linoleic arid is neg- 
atively associated with CHD, protective, both in prospective 
studies (3. 4) and in case-control studies of acute myocardial 
infarction (5. 6). 

National intakes of linoleic add have increased in countries, 
including Australia, that have experienced a large decline in CHD 
mortality (7-10). Linoleic acid is known to lower plasma low- 
density-lipoproiein cholcstcrcl (11), reduce the tendency to 
thrombosis (12), and reduce (he liability of die ischemic myo- 
cardium to dangerous anfaythsnia (13). 

The question was. asked recently whether linoleic acid makes 
low-density-lipoprotem nuJte liable to oxidation than oleic add. 



Human Nutrition Unit 
Univereity of Sydney 
New South Wales 
2006, Australia 
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Reply to AS Truswell! 



Dear Sir: 

The available evidence indiciiles that higher Unoleic acid in- 
takes reduce the risk of angina and myocardial iafarction CI -4). 
and may be related to a reduclion in coronary heart disease 
(CHD> mortality. A negative association between Unoleic acid 
status and coronary arteiy disease (CAD) might therefore be ex- 
pected, because CAD is associ;ited with increased risk of death 
from CHD. However, die mechanisms involved in reducing the 
risk of angina, myocardial infaL\:lion, and death from CHD may 
relate to thrombosis and arrhytlimia. rather dian to coronary ath- 
erosclerosis. The two scores u:»d to assess the degree of CAD 
in our study (5) presumably relate more to coronary atheroscle- 
rosis than to factws such as thrombosis, which may complicate 
atherosclerotic lesions and inc rease the risk of myocardial m- 
farction and CHD mortality. T^o studies have now assessed the 
reladonship between linoleic ijcid status and an assessment of 
CAD (5, 6), and both have foii.nd a positive association. Dietary 
change toward increased Unoleic acid intake in those with greater 
CAD is one possible explana aon for the findings in our study 
(5). However, dietary change was not associated with signifi- 
canfly greater CAD scores. Rstrospcctive dietary change is dif- 
ficuh to assess, and the data coUecied cannot address this ques- 
tion adequately. Studies that exanune the relationship between 
linofcic acid and CAD in sulijects without suspected CAD will 
reduce the likelihood of cUeta^y change and overcome this prob- 
lem. These studies, at the othe : end of the natural history of CAD, 
will probably be perf<wmed when less invasive methods for the 
assessment of CAD arc avaihible. Hie technique of coronary an- 
giography is invasive and canies with it a small risk of mortaUty. 
In the mean time we have s^quired what data we can within 
ethical boundaries. As far as relationships we have not found are 
conceded, we place less weight on diem than does TmsvreU. 
given the possibility of type IT statistical error. 

Jonathan M Hodgson 
Mark L Wahlqvist 
JohnABoxaU 
Nicholas D Balazs 

Department of Medicine 
Mociash Medical Centre 
Melbourne. Victoria 
3168 Australia 
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Premenstrual syndrome does exist 



Dear Sir: 

In their letter to the editor (1), Fong and Kretch cite old ref- 
erences to support their skepticism about die existence of pre- 
menstrual syndrome or late luteal phase dysphoric disordw 
(LLPD). It should be noted diat a more recent and large body of 
psychiatric and gynecologic litemture has accumulated on this 
condition and that much consensus has developed on its diag- 
nosis and therapy. In fact. LLPD has been entered m the iWid 
edition of the Diagnostic and Statistical Manual of Mental Dis- 
orders (2); and although the task is not complete, this should not 

imply that the condition does not exist 

*^ RajaASayegh 



Vincent Memorial Gynecology Service 
Massachusetts General Hospital 
Boston. MA 02114 
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Linolerc acid and coironary artery 
disease 

Dear Sir: 

Hodgson et al (1) incorrectly state thai their study is indicative 
of a positive relationship between linoleic acid intake and coro- 
nary artery disease. Such a conclusion could only be jnstiiied if 
they had observed lower linoleic acid concentrations in a healthy 
control population than in patients with coronary artery disease. 
This they could not do or have not done. What was shown was 
that the severity or extent of coronary artery disease was greater 
in those patients with higher concentrations of adipose or platelet 
tinoleate. 

What would be interesting io know is whether the q;uestion 
regarding changes in the habitual diet implied a decrease in sat- 
urated and an increase in polyunsaturated fatty acid intake. The 
omission of the correlation coefficient between dietary change 
and adipose Unoleate in this paper is a pity. Also, a separate 
analysis of extent of coronary disease and adipose linoieate in 
those who are unlikely to have changed their diet would have 
been helpful. The question is iben whether the lesions became 
more severe because of high dietary linoieate or whether those 
subjects with more severe coronary artery disease were more 
likely to adhere to dietary advice. Both scenarios seem equally 
possible. Hodgson et al's stiidy carmot distinguish between 
these two. 

Until we can make this distinction, it is somewhat premature 
to speculate about lipid peroxidation, particularly in the absence 
of data. The authors perhaps fel t justified lo do so because dietary 
intake of polyunsaturates, estimated by 24-b recall, was associ- 
ated with an increased risk for coronary artery lesion develop- 
ment in the Cholesterol Lowering Atherosclerosis Study (CLAS) 
study (2). However, this study also showed that mcreased intake 
of monounsaturates was assodated with an increased risk of new 
lesions. 

The arguments about the rebktive merits of polyunsaturated and 
moDOunsaturated fatty acids 'Vill continue. But we should re- 
member that most of tt^ studiiss have used unrealistic diets with 
potyunsaturated^saturated hitty acid ratios of up to 6 or 7. What 
is needed is good scientific studies with diets that are advocated 
to prevent coronary heart diseiase. Until then we should be wary 
of making any recommendation to prevent lipid peroxidation that 
could be exploited for commercial rather than scientific gain. 

Rudolph A Hiemersma 
Denise Perkins 
Andrew J Brown 
Jonathan Brown 

Cardiovascular Research Unit 
The University of Edinburgh 
George Square 
Edinburgh EH8 9XF UK 
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Reply to RA Riemersma et al 

Dear Sir 



We stated in our paper (1) that the results are "indicative 
of a positive relationship between linoleic acid and CAD.'* 
This statement should have provided information about the 
intended limits to the assertion. The population studied was 
highly selected and therefore not representative of the general 
population. The statement was not aimed at the general pop- 
ulation. We believe the results are indicative of a positive re- 
lationship between linoleic add intake and the degree of cor- 
onary artery disease (CAD) within the patient population 
studied. 

We agree with Riemersma et al that our results provide no 
evidence for lipid peroxidation as a pathway to CAD. We have 
inchided this in our discussion together with other possible mech- 
anisms forlhe observed assodations for linoleic acid, which also 
have no supportive evidence from the data in this study. The 
mechanisms suggested may or may not explain the findings in 
this study. 

It is particularly difficult to evaluate food intake to assess its 
relatioi^ps with CAD in a cohort exposed to pressures to 
change diet. Thus» dietary change* rather than actual diet, was 
included in the analysis as a disaete variable with two levels: 0 
= no dietary change, and 1 « dietary change. A correlation co- 
effident between adipose tissue linoleic add and dietary change 
could not be provided. A nonparametric method to compare 
mean linoleic add concentration in the two dietary change groups 
was used (Wilcoxon rank-sum test). Dietary change was asso- 
ciated with significantly higher adipose tissue Unoldc add (P 
< 0.05). This reformation is provided in the results section of 
the paper. 

Riemersma et al are also interested in a separate analysis of 
the relationship between adipose tissue linoleic add and degree 
of CAD in those who did not make a consdous decision to 
change their diet; that is. the "no dietary change" group. The 
reason for this analysis would be to obtain some idea as to 
whether dietary change over time, in patients with more severe 
CAD, toward an increased intake of linoleic add is responsible 
for the observed "age, triglyceride, hypertension, and dietary 
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LETTERS to THE EDITOR 



change-adjusted association" between adipose tissue linoleic 
acid and the myocardial score of CAD (r = 0.20, F < 0.05). 
Within the "no dietary diaiig;e" group the "age, triglyceride, 
and hypertension-adjusted assDciatjou" between adipose tissue 
linoleic acid and the myocardial score was 0.29 (P = 0.06). The 
degree of correlation is actuaUy Wronger within the "no dietary 
change" group, but because of the reduced numbers in this group 
the association is not significajit. Past dietary change is very dif- 
ficult to assess even by using a crude yes-no approach. The data 
collected in this study cannot resolve the question as to whether 
dietary change is responsible for the observed association be- 
tween adipose tissue linoleic acid and the myocardial score. 

Jonathan M Hodgson 
MarkLWahlqvist 
JohnABoxaU 
Nicholas Baiazs 

Department of Medicine 
Monash Medical Centre 
Monash University 
Melbourne, Victoria 3168 
Australia 
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variety with total mortality. Diets that lacked food variety, char- 
acterized by a low DDS, were associated with increased total 
mortality. Although the idea of measuring food variety is a rel- 
atively riew concept, at least one previous study has examined 
the association between food variety and an assessment of dis- 
ease (4). Wahlqvist ct al (4), examined die relationship between 
food variety and macrovascular disease assessed by using a non- 
invasive ultrasound measurement It was found that greater food 
variety was associated with less macrovascular disease in those 
with non-insulin-dependent diabetes mellitus and also in healthy 
control subjects. This was perhaps die first study to assess the 
relationship between food variety and a disease outcome. 

Jonathan M Hodgson 
Bridget Hsu-Hage 
Mark L Wahlqvist 

Monash University Department of Medicine 
Monash Medical Centre 
Melbourne, Victoria 3168 
Australia 

References 

1. TnisweU AS. Evolutioa of dietary recommendations, goals, and 

guidelines. Am J Clin Natr 1987;4S:1060-72. 
Z. Hodgson ;M. Hsu-Hage BH-H. Wahlqvist ML. Food variety as a 
. quantitative descriptor of food intake. Bool Food Nutr (in press). 

3. Kant AK. Schatzkin A, Harris TB» Zicglcr RO, Block G. Dietary 
diversity and siAsequent moitatity in the First KattonaJ Health and 
NutritiOD Examinattoo Survey Epidemiologic Follow-up Study. Am 
J ain Nutr 1993;57:434-40. 

4. Wahlqvist MU Lo CS, Myers KA. Food variety is associated with 
less macrovascular disease in those with type 11 diabetes and their 
healthy controls. J Am CoU Nutr 1989;8t5l5-23. 



Dietary diversity and heaith 



Dear Sin 



A dietary goal that severiil countries have assumed is to 
achieve the inclusion of a vaiiety of foods in the diet (1). This 
guideline has been included hiecause nutrients essentia] for hu- 
man life are not all found in one food, but anrangst many. The 
concept that the human diet s^iould include a variety of foods is 
an established tenet of nutrition science thinking. However, few 
studies have set out to test tlie hypothesis that increased food 
variety is associated with better health* Perhaps one of the main 
reasons for (he lack of evidettce for this hypothesis is the need 
for established methods for tiie assessment of food variety. An 
approadi for the development and use of food variety scores has 
been described recently (2). 

An assessment of food variety, or dietary diversity as it has 
been called by Kant et al (3), is necessary to address this hy- 
pothesis, which is stated as a dietary guideline. Although there 
are problems with methods for the assessment of food variety, a 
major test of the usefulness of food variety scores is their ability 
to predict health outcomes and whether relationships observed 
are consistent with biological explanations. Kant et al (3) have 
used a ''dietary diversity scor<: (DDS)*' as an assessment of food 
variety, and have for the first time related an assessment of food 



Reply to JIM Hodgson et al 

Dear Sir: 

I appreciate Wahlqvist et al (1) and Hodgson et al (2) bringing 
their contributions in the field of food variety and health outcome 
to my attention. Our primary intent for using the dietary diversity 
score (DDS) reported in the paper (3) was to relate a measure of 
overall diet quality with total mortality. Because the DDS neces- 
sitates inclusion of all the major food groups, it served such a 
purpose, whOe enabling an evaluation of the hypothesis regard- 
ing variety among food groups and health outcome. Oiven the 
complexity of human diets and the nnmerous interrelationships 
among nutrients in their function and metabolism, 1 agree with 
Hodgson et al regarding the Importance of the study of food- 
based measures of total diet quality an^ their assodation with 
health. 

AshbnaKKant 

Queens College 

City University of New York 

Flushing, NY 11367 
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